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a Jr is Nor to the credit of the democracies that during 
4] peace the nutritional status of their populations was de- 

I i termined by family income, prevailing customs in com- 

1 mercial distribution of essential foods, local agricultural 

rf trends and regional food habits. The advent of “total 


war” has forced the problem of providing adequate nutrition for every 
member of the commonwealth upon previously complacent govern- 
ments. The only possible way to provide for an equitable distribution 
of food is by rationing. Our own experience with the ration is as yet 
too short for effects to be apparent but since our scheme of rationing 
seems to follow that of England, it may interest you to hear how the 
British have fared under their system. 

There are many things which make our problems quite different 
from theirs, particularly the matters of production, transportation and 
distribution. In England distribution is a minor problem on account of 
the small size of the country. Transportation of supplies from the West- 
ern allies is a crucial matter and home production of many essential 
foods in adequate quantities is impossible. With us production is assured 
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if manpower is available, transportation and distribution are major prob- 
lems on account of the great size of our country. 

The whole background of wartime nutrition in England is reflected 
in the life of the people. Normal living has been interrupted to an 
extent greater than you may imagine. The blackout may seem a minor 
nuisance but during winter months, when it lasts from half past five in 
the afternoon until almost nine o’clock in the morning, it becomes 
more than a nuisance; it is depressing and it interferes, sometimes seri- 
ously, with the daily travel necessary for millions of workers. Bomb- 
ing has destroyed or damaged one of every five houses in England. The 
bulk of the damage has been in the cities and large towns but there are 
few small towns without scars. Though very many damaged houses are 
still occupied, there are millions of people who have been made home- 
less and who are living with strangers, often in houses or flats already 
comfortably crowded. Even now evacuees from heavily bombed areas 
crowd many rural villages. Heavy bombings may not recur, but no 
day passes without hit-and-run raids by a few fighter-bombers; so air- 
raid precautions have to be maintained everywhere. All civilians have 
their civil defense duties which are no longer voluntary. Fire-watching 
is required of practically all adults. All able-bodied men between the 
ages of sixteen and sixty-five who are not in the services are in the 
Home Guard. Heavy and light rescue squads are made up of men under 
and over military age who are accustomed to heavy labor. Repair and 
demolition squads are composed of men from the various trades whose 
technical knowledge fits them for such service. Emergency feeding 
and transport are largely in the hands of volunteer organizations of 
women. It may be said that everyone in England has two jobs, a regu- 
lar one and a civil defense activity. When “incidents” do occur Civilian 
Defense may take up all the hours ordinarily spent in sleep, but that 
does not excuse anyone from the “regular job” the next day or night for 
it is the “regular job” which will win the war. This does not mean that 
the British are regimented. I believe that they resent restrictions of 
personal liberty much more than we do, but they have learned to codp- 
erate in all things. This brings me to rationing, for nothing requires 
more complete coéperation than successful rationing and successful 
rationing means adequate if not optimal nutrition for all. 

The wartime food program of Britain begins where all food pro- 
grams should, in the ground. During peace approximately sixty per cent 
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of England’s food was imported. In addition, much of the phosphatic 
and potassic fertilizers used came from overseas. By various means the 
area of land under cultivation has been increased by about fifty per 
cent and home production of fertilizers greatly augmented. Crop loss 
from sodden land, plant diseases and insect pests has been reduced by 
extensive drainage projects and the appiication of measures to control 
bacterial and virus diseases of plants and to limit the propagation of 
destructive insects. The results of this effort have been impressive. The 
production of potatoes has increased by eighty per cent, of cereals by 
fifty per cent and there has been a great increase in the vegetable crops. 
On a tonnage basis the British have increased home production of food 
to about sixty-five per cent of total consumption. This increase, how- 
ever, has been largely confined to carbohydrate foods and green vege- 
tables. Sources of protein and fat, with the exception of milk have not 
and cannot be increased. It was recognized from the beginning that 
human food was of paramount importance and that domestic animals 
must not be fed food fit for human consumption. Pigs and chickens are 
direct competitors for food which people can eat; so their numbers were 
rather drastically reduced. Dairy cattle, on the other hand, are most 
efficient converters of food unfit for human consumption into milk; 
so every effort has been made to increase the number of milch cows. 
Pigs and chickens are still kept but mostly in small herds and flocks 
which can be fed on scraps and garbage. In addition to the great in- 
crease in land under the plough, every family is urged to cultivate an 
“allotment,” the prototype of our victory gardens. There are millions 
of these allotments yielding potatoes and all sorts of vegetables which 
contribute significantly to the national food supply. With all this 
increase in home production Britain is dependent upon imports for most 
of the wheat and a tremendous proportion of the meat and fat upon 
which it must subsist. 

The whole problem of rationing in England is much simplified by 
the facts that the Ministry of Food has control of supplies of foods at 
their sources and over most of the channels of distribution. The Min- 
istry purchases all rationed foods and some important ones which are 
not rationed from the producers. In addition, there is control of the 
distribution and price of practically all important unrationed foods. 
Distribution is largely effected through regular trade channels and most 
of the administrative problems of distribution are handled by represen- 
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tatives of the various food industries. Even when the government requi- 
sitions stocks of certain foods, they are not taken away from the 
dealers but the Ministry assumes control over the disposition of the 
stocks. Control begins with the licensing of the original buyers of all 
food products and the prohibition of sale to any but a licensed buyer; 
these licensed buyers are almost always agencies representing or ap- 
pointed by the Ministry of Food. The prices paid for a number of 
important foods are subsidized by the Government in order to stabilize 
the retail prices. 

In the case of wheat, all purchase, importation and disposal is under 
the control of the Ministry of Food, though the actual business is 
accomplished by the Federation of Corn Trade Associations under a 
subsidy. The milling industry also is controlled by the Ministry of 
Food and since March 1942 no flour other than the National Wheat- 
meal of 85 per cent extraction has been produced. The baking of bread 
and biscuits and the manufacture of various breakfast cereals is controlled 
by licensing. Only four types of loaves can be produced by bakers 
and wrapping and slicing of bread has been stopped. 

Oats, barley, rye, rice and dried pulses are under control orders 
similar to those for wheat. The use of cereals for brewing and distilling 
is regulated, as well as licensed. The bran from milled cereals is rationed 
for stock feeding as are supplies of unmillable grains. 

The control of meat is very complete. The bulk of the supply orig- 
inates outside England and is bought and imported by the Ministry of 
Food. Domestic food stock must be registered with the Ministry of 
Agriculture, when ready for sale the owner must notify the Ministry 
of Food. The cattle, hogs or sheep are then brought to central markets 
for grading and sale and are butchered at Government-controlled abat- 
toirs. The auctioneers who conduct the sales and the owners of abat- 
toirs are paid by the Ministry. Domestic bacon is cured by registered 
firms under license from the Ministry of Food. The exception to com- 
plete control of meat production is that the owner of hogs can secure 
a license to slaughter two animals a year for use in his own household. 
It is specified that the animals must have been owned for more than two 
months. The country is divided into eight Wholesale Meat Supply 
Areas in each of which the wholesale dealers are associated in Meat 
Supply Associations which, in turn, supply the retail dealers in their 
respective areas. Poultry, rabbits and fish are not rationed, but all 
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wholesalers are compelled to be licensed and retail prices are controlled. 
The distribution of fish is controlled by zoning in order to save trans- 
port. | 
Milk has been a special problem. The policy of the Ministry of 
Food has been to encourage consumption and to attempt to increase 
home supplies of fluid milk and imports of condensed and dried milk 
to meet the increased demand. Milk was controlled before the war by 
the Milk Marketing Board; this body has been maintained as the admin- 
istrative and distributing agent though prices are fixed by the Ministry 
of Food and all imported condensed and dried milk is bought and im- 
ported by the Ministry. The direct consumption of milk has actually 
increased by about 20 per cent during the war though production has 
not been greatly augmented. This has been accomplished by prohibiting 
the use of fluid milk in baking, ice-cream manufacture and other food 
industries where dried skim-milk could be used. Dried skim-milk is also 
made available for household cookery. Both production and distribu- 
tion of fluid milk are heavily subsidized and very little is allowed to be 
used for any manufacturing purposes. The resulting great curtailment 
in home production of cheese and condensed and dried milk has made 
these products items of great importance in the Lend-Lease program 
and in the scheme of imports from the Empire. 

In recent times Britain has always been dependent on imports for 
adequate supplies of butter and other edible fats, and margarine has 
had a much greater place in the average diet than in this country. 
Because fortified margarine is a fair substitute for butter, no great effort 
has been made to increase imports of butter during the war. It is much 
more economical to increase imports of vegetable and marine oils from 
which margarine can be made. At the beginning of the war all edible 
fats were brought under the control of the Ministry of Food and the 
manufacture of margarine put under license. All margarine is fortified 
so that it contains approximately 5,000 units of vitamin A and 400 of 
vitamin D per pound. 

Control of eggs proved more difficult perhaps than that of any other 
essential food. After several unsuccessful schemes had been tried the 
present arrangement was put into effect with apparently satisfactory 
results. All keepers of poultry owning more than 50 hens are required 
to sell all eggs more than those to which they are entitled by the ration 
to licensed buyers or packing stations. The price paid is more than the 
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retail ceiling price so there is little incentive for “black marketing.” The 
loss is covered by Government subsidy. 

Potatoes, onions, carrots and tomatoes are directly controlled by 
the Ministry of Food. Potatoes are the most important food crop in 
Britain, the great source of cheap calories and, at the present time, 
even more essential to the diet than bread. The Ministry guarantees the 
grower’s price for potatoes and buys up surpluses. Distribution is effect- 
ively controlled and executed. Carrots and onions are bought from pro- 
ducers by the Ministry and distributed in a manner similar to that 
employed for potatoes. Tomatoes are one of the few good sources of 
ascorbic acid produced at home and every effort has been made to 
increase production. Practically all tomatoes are hot-house grown and 
owners of hot-houses are required to devote them to the culture of 
tomatoes for at least six months of the year. Tomatoes may be sold 
only to licensed or specified buyers. 

Of fruits, only plums and apples are controlled; plums can be sold 
only to licensed buyers and apples only to specified classes of purchas- 
ers. The sale of berries and other soft fruits is not regulated, but prices 
are so fixed that it is profitable for growers to sell their crops to the 
jam manufacturers rather than to the public. Jam is an important ra- 
tioned food and great effort is made to keep home production of it up 
to the requirements of the ration. To save small crops of soft fruits in 
rural areas many local preserving centers have been set up, sugar is 
supplied and the jam making done by voluntary workers. All the jam 
is taken over by the Ministry of Food. Oranges are imported in small 
quantities and are reserved for children. 

All fresh vegetables which are in sufficient supply to make them of 
significance in the diet have price ceilings and during the season when 
they are available there is supervision, even direction of distribution. 
Efforts are made to foresee local surpluses and to provide for their dis- 
tribution. Allotment gardeners are urged not to produce more than can 
be used in their homes; but when allotment surpluses do occur, there 
are arrangements for their diversion into established channels of distri- 
bution. Small surpluses of this kind may be sold directly by allotment 
holders to less fortunate neighbors. 

All imported canned meats and canned or dried vegetables and 
fruits are bought and imported by the Ministry of Food for distribution 
under points rationing. The bulk of domestic canned and dried foods 
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also are reserved for distribution on points. 

Sugar production has been greatly increased during the war so that 
the domestic supply almost meets requirements. The situation has been 
greatly improved by drastic restriction of the use of sugar in manufac- 
turing and by the rationing of sweets as well as of sugar. The manu- 
facture of chocolate and cocoa is licensed and restricted, and sweet 
chocolate is included in the candy ration. 

Allocations of supplies of foods to wholesalers vary with the types 
of foods handled. Rationed foods and foods for which consumers must 
register with a dealer are supplied in accordance with the dealer’s regis- 
trations. Unrationed foods are distributed on the “datum period” prin- 
ciple by which a dealer is supplied with a certain proportion of the food 
which he disposed of during a chosen period prior to the establishment 
of restrictions. Retailers in turn are supplied by wholesalers on the 
same principle. When there are significant shifts in population from 
one locality to another, both wholesalers and retailers are advised so that 
supplies can be diverted to meet demand. 

Consumers’ registration has been mentioned, this procedure further 
simplifies the problem of rationing. Each holder of a ration book is 
required to register with a retail dealer for all rationed foods except tea. 
It is required that one register with the same dealer for butter and mar- 
garine and for sugar and jam, no one is permitted to register with more 
than one dealer for any one article of food. This scheme enables the 
dealers to stock supplies in the most economical manner and at the same 
time assures the consumer of securing his ration when it is needed. It 
also increases the difficulties put in the way of “black marketing” since 
retailers can secure no more rationed foods than their customers’ regis- 
trations entitle them to requisition from the wholesalers with whom 
they, in turn, are registered. 

The actual ration has a considerable degree of flexibility. Meat is 
rationed by price rather than by weight; adults are entitled to one shill- 
ing and twopence worth of meat a week, children to half this amount. 
The average price of meat makes this worth approximately a pound a 
week for adults. If ground lean meat such as we call “hamburger,” but 
the British call “mince,” is bought, the amount is somewhat over a 
pound and there is no loss from bone. If cuts with bone are selected 
the buyer voluntarily takes the loss in edible return for his ration 
coupon. Most of the other rationed foods are dispensed by weight. Four 





756 THE BULLETIN 











ounces of bacon or ham, eight ounces of edible fat, usually distributed 
as two ounces of butter, four of margarine and two of cooking fat, 
eight ounces of sugar and two ounces of tea are the weekly allowance. 
The cheese ration varies with supplies available, from four to eight 
ounces a week. Syrup, jam, honey and marmalade are rationed by the 
month, one pound per person. Usually there is choice between the 
available sweet spreads. At Christmas mincemeat is available on the 
jam ration coupons and suet for plum puddings on the fat coupons. 
Milk and eggs are rationed on a priority scheme which will be men- 
tioned later. All canned fish and meats, vegetables, fruit and some 
canned soups as well as rice, dry breakfast cereals, tapioca, biscuits, 
dried fruits and pulses are rationed on “points.” No registration is 
required for “points foods” and the demand for them is adjusted to 
supplies by frequent changes in the “points” value of different items. 
Foods in short supply have a high points value, slowly moving articles 
are often sold by lowering their points value, and it is possible to slow 
up consumption of popular foods by raising their points price. The 
number of points coupons issued for different ration periods may vary 
with the supplies in hand. At the start of points rationing only 16 
coupons a month were issued to each ration-book holder, late in 1942, 
24 coupons a month were available. 

The British scheme of rationing, like ours, is aimed at providing 
everyone with an equal amount of food. There are certain provisions 
made for altering the ration for specific groups of the population. Chil- 
dren get only half the amount of meat allowed adults but are given 
priority for milk and eggs. Diabetics are allowed extra amounts of meat 
and edible fats for which they surrender their sugar coupons. Persons 
with hypoglycemia can get extra sugar; those with nephrosis, extra 
meat. Patients with sprue and steatorrhea are allowed additional meat 
for which they give up their edible fat coupons. Sufferers from peptic 
ulcer, dysentery and various conditions interfering with swallowing or 
mastication have priority for milk and eggs, and provisions are made for 
the various dietary requirements of patients in hospitals and sanitoria. 
Vegetarians are permitted extra cheese rations, but must surrender their 
meat and bacon coupons. Workers in various trades and occupations 
who have no access to hot meals in the middle of the day are given 12 
ounces of cheese a week in addition to the regular ration. Miners, for- 
estry and agricultural workers, Land Army girls, railway and canal 
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workers and charcoal burners are some of the groups receiving the extra 
cheese ration. During the harvest season farmers are allowed special 
amounts of tea, sugar and margarine to enable “tea” to be served to the 
workers in the field, and owners of buildings and businesses can secure 
extra tea for fire-watchers on duty on their premises. 

An interesting and significant part of the rationing program is the 
milk policy. It is the purpose of the Government to increase the con- 
sumption of milk as much as possible by those who need it most. To 
this end, milk is distributed by priority. Normal adults can obtain two 
pints a week if supplies are abundant; if supplies are short, they may 
get part or none of this, all available milk then going to priority con- 
sumers. The priority groups are children, expectant and nursing women, 
invalids and certain classes of workers. Infants under a year old get 
seven quarts of milk a week, children between one and six years old and 
pregnant and nursing mothers get seven pints, and children six to 
eighteen years old get seven half pints a week. Invalids may have what 
the doctor orders up to seven quarts a week. Workers in certain muni- 
tions and chemical factories are provided with one-half pint of milk a 
day. Milk for children under five and for nursing and pregnant women 
is sold at the nominal cost of 2d (4 cents) a pint and if the family in- 
come is below 40 shillings a week, can be obtained free. 

In addition to this “free and cheap milk scheme” which is part of 
the war rationing, the school milk program, which was in force before 
the war, is being continued. This furnishes each school child applying 
for it, 1/3 of a pint of milk a day at a cost of rs. 2d. (24 cents) a month; 
children unable to pay this nominal price receive the milk free. At the 
request of the school physician any child is furnished an extra 1/3 pint 
free. The entire cost of this program is borne by the Government. 

The requirements for fluid milk for women and children are such 
that little is available for cooking purposes; these are provided for by 
making skimmed milk powder available on a non-priority basis. 

Eggs, like milk, are distributed by priority. At best eggs are in very 
short supply, the ordinary consumer is allowed two eggs a month. Chil- 
dren under six and nursing and pregnant women, together with invalids 
suffering from specified diseases, get four eggs for each one allocated 
to the ordinary consumer. In practice shell eggs simply are not avail- 
able for normal adults, the entire supply being required for the priority 
groups. During the last year supplies of dehydrated eggs from this 
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country and Canada have made it possible for ordinary consumers to 
secure a tin of egg powder per ration period in lieu of fresh eggs. 

Priority distribution also is applied to the distribution of oranges 
and other rich sources of ascorbic acid as well as to codliver oil. Oranges 
are reserved for children under six; and when shipments are not suf- 
ficient for distribution over the whole country, a rota system of supply 
is applied, oranges as they become available being sent to different sec- 
tions of the country in rotation. In theory oranges on sale are for chil- 
dren under six only for the first five days of the week, if any are left 
on Saturday they may be purchased for adults. In practice the supply 
never lasts for five days so that adults, unless they steal from children, 
which they never do, do not taste oranges. Black current juice and 
puree are reserved for infants under two and since December 1941, 
these products have been distributed free. Rose hip syrup, another 
excellent source of ascorbic acid, is also available for infants, and in 
1942 concentrated orange juice prepared in this country was added to 
the “free or cheap” sources of vitamin C for infants. All children under 
two receive codliver oil free. Codliver oil and one of the vitamin C 
preparations are available everywhere through local Maternal and Child 
Welfare centers and the Local Food Offices. 

Unrationed foods are most important in the British food scheme. 
As has already been mentioned, fish, shellfish, poultry, rabbits and 
game are off the ration. All “offals” and the 45 per cent meat “war 
sausage” also are unrationed, as are bread, potatoes and all vegetables 
and fruits. Fish are not abundant because of the requisition of most of 
the fishing fleet by the Admiralty. Available poultry is made up of 
cockerels and superannuated hens. Rabbits are abundant, in fact, they 
are a serious pest to farmers and furnish a significant contribution to 
the meat supply. Game is scarce and distinctly a luxury. Variety in 
vegetables is small; cabbage, Brussels sprouts, peas, string beans and 
broad beans, spinach, beets, turnips, carrots, tomatoes and leeks are the 
usual ones available and of these, cabbage, sprouts and carrots are the 
only ones produced in adequate quantities. Still it is the unrationed 
foods that enable Britain to carry on. 

Another important phase of the British food policy is the develop- 
ment of communal feeding. The Ministry of Food has promoted com- 
munal feeding because it saves fuel and waste of food and also saves 
much time for workers of all types. In addition, it improves the nutri- 
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tion of the entire family of each person eating at a communal feeding 
place since all meals served in “British Restaurants,” works canteens 
and school canteens are “off the ration” and increase the amounts of 
food available for the family at home. What is still more important 
from the standpoint of the war effort it enables hundreds of thousands 
of women to be engaged in war industry by freeing them from the 
necessity of preparing a noon meal. 

The establishment of “British Restaurants” is at the discretion of 
local authorities, but the Ministry of Food finances the conversion of 
premises, covers losses in operating expenses and furnishes expert culin- 
ary and dietetic advice. The Ministry also maintains a central pool of 
cooking and dining equipment for distribution to feeding centers and 
aids in securing priorities for materials of all sorts. 

Factories employing more than 250 persons are required to main- 
tain canteens to furnish a hot meal at noon and, if necessary, at mid- 
night. Smaller factories often club together to provide a common feed- 
ing place. The Ministry of Labor determines where work canteens are 
needed and the Ministry of Food coéperates in establishing them. Not 
infrequently where there are a number of small factories some distance 
apart a communal kitchen is established where food for all is cooked 
and distributed in insulated containers to the factory messes. 

School feeding of sorts was common in England before the war but 
has been greatly expanded by the combined efforts of the Board of 
Education and the Ministry of Food. It serves the double purpose of 
increasing the food intake of the children and of freeing their mothers 
to perform essential work in industry. A majority of the larger schools 
have their own kitchens and the preparation of the school meal is part 
of the training of the older girls in Home Economics. Small schools 
usually secure food already cooked from the communal kitchen which, 
in many instances, is a nearby British Restaurant. School meals are 
subsidized up to 95 per cent of their cost by the Board of Education. 

The food served in these various communal feeding places is much 
alike; dinner consists of soup, a full ration of meat or a liberal portion 
of fish, potatoes, one vegetable, often a salad, a dessert, bread, margarine 
and tea. Meals usually are as good as are found in the cheaper restau- 
rants. British Restaurants and works canteens charge from tod. (18 
cents) to 1s. 2d. (24 cents) per meal. School canteens charge from 4d. 
to 6d. and provision is made for free meals for “necessitous” children. 
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It is difficult to estimate the contribution to the wartime efficiency 
of England that is made by the community feeding centers. Millions of 
meals are served “off the ration” daily, conserving equal amounts of 
rationed foods for home consumption. The morale effect is great; un- 
told millions of man-hours and woman-hours have been saved for vital 
war industries. School children are assured of a hot nourishing midday 
meal that makes no demands on the family rations or on the time of a 
mother who may be engaged in important war industry. 

The only serious objection to communal feeding is that the food is 
cooked in such quantity that it is very difficult to use methods that are 
conservative of the heat labile vitamins. Green vegetables and potatoes 
are cooked in steam kettles, then held in hot-boxes, sometimes for hours 
before being eaten. When food is cooked in communal kitchens and 
distributed in insulated containers, the situation is even worse. It is 
likely that at least 50 per cent of the ascorbic acid in all foods is 
destroyed in the cooking, and when hot storage is employed the loss 
may reach roo per cent. 

So far I have discussed the British rationing scheme and the devices 
employed to better the general nutritional status of the nation during 
wartime. You may be interested to hear how people actually fare under 
the British ration. 

At home the chief difficulty is the meat ration. If the family ration 
is conserved, a “joint” can be bought on Saturday if the dealer has one 
and roast meat can be served for dinner, hot on Sunday, cold on Mon- 
day and as hash on Tuesday; after that rabbit, fish, offals, poultry and 
“points” must be depended upon for the rest of the week for the main 
meal. For breakfast, oatmeal, bacon or “sausages,” bread and jam and 
tea are the rule. For lunch, soup made from vegetables, a very small 
portion of meat, either cold from the Sunday joint or mince, potatoes, 
cabbage, sprouts, carrots or turnips, pudding and tea. For dinner, more 
soup, perhaps leftover meat from lunch, lacking that, perhaps fish or 
rabbit or a scramble of eggs made from egg powder, potatoes, perhaps 
a vegetable as at lunch, pudding again and bread and butter and tea. 
Cheese is often substituted for meat either at lunch or dinner. 

At ordinary restaurants the menu is much the same, often even 
more restricted. Breakfast is a difficult meal for a restaurant liver in 
England because variety is almost impossible. Restaurant lunches almost 
uniformly consist of soup, mince in some form, cabbage or sprouts, 
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potatoes and some dessert, usually a pudding. Dinners are not materially 
different from lunches except that cheese is frequently provided for 
dessert. Rarely points meats are available in restaurants. 

In luxury restaurants where heavy cover charges are made the cook- 
ing is apt to be better and much use is made of “off the ration” items 
so that really excellent meals can be obtained if one is willing to pay 
the price. There many types of sea food and vegetables neither rationed 
nor controlled may be had and such things as gulls’ eggs, out-of-season 
asparagus and mushrooms, winter tomatoes and real salads can be found. 

Restaurant meals are rather rigidly controlled though they are all 
off the ration. Five shillings is the maximum price which can be charged 
for food at any meal, and in any one meal no more than one “main dish” 
and one “subsidiary dish” or two “subsidiary dishes” may be served. A 
“main dish” is one containing meat, poultry or game (excluding soups 
containing not more than 5 per cent by weight of these foods) or con- 
taining more than 33-1/3 per cent by weight of fish or eggs (excluding 
scrambled eggs or omelettes made from dehydrated eggs). A subsidiary 
dish is one containing less than 1/3 by weight of fish or eggs, cheese 
counts as a subsidiary dish when taken for dessert. Hotel meals are 
subject to restaurant regulations and no one is allowed to remain in a 
hotel for more than five days without turning his ration book over to 
the management. Restaurants procure food under license and receive 
allotments based on the average number of meals served in a datum 
period. 

Luxury restaurants are permitted to levy cover charges which may 
run to twice or even three times the five shillings maximum charge for 
food. In theory these cover charges are to provide music and other 
entertainment, in fact they pay for the unrationed variety foods which 
are procurable. This practice is winked at by the authorities on account 
. of the high morale value of these bright spots in the blackout and also 
because the foods which they feature are in such short supply that no 
general distribution of them would be possible. All such establishments 
are under constant surveillance for black market practices, and if found 
to be violating the law they are subjected to extraordinarily severe, 
usually confiscatory penalties which combine loss of license, imprison- 
ment of the proprietor and a huge fine. | 

It is true that the rich man in England can still buy more to eat 
than the poor man, but what he can buy is more variety than nutritional 
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value. The ration has, in truth, leveled out the diet for all practical 
purposes. The rich certainly eat less and the poor eat more of the foods 
which are essential to good nutrition. For an overwhelming majority of 
the people the diet under rationing is incredibly monotonous. The 
British cannot raise a great variety of vegetables and fruits on account 
of climatic conditions. Imports have been reduced to a minimum to 
release shipping for the transport of our men and the munitions neces- 
sary for them to wage a successful war. Many national dishes are im- 
possible to prepare under wartime conditions. Roasts and steaks are 
out of the question under rationing. Fish and chips are a luxury on 
account of the scarcity of fish and cooking fat. Clotted cream is illegal 
and the fine English cheeses are only a happy memory because the 
demand for fluid milk has almost eliminated the production of cheese. 
Wiltshire bacon and hams are not found in the market because large- 
scale hog raising is not possible and all cured pork is on the ration. Oat- 
meal, a little bacon or “sausage,” a little jam or marmalade, bread, mar- 
garine, occasionally some egg powder as scramble or omelette, a little 
meat, usually “mince,” fish or rabbit occasionally, potatoes, cabbages, 
Brussels sprouts, carrots, boiled puddings and cheese, these are what the 
average Briton lives upon. In summer there are a few green vegetables, 
peas, broad beans, string beans, with now and then a treat of fresh fruit 
or salad. The British people do not like it any more than would you, 
but they carry on in a most exemplary fashion. 

However monotonous the diet under rationing may be, the nutri- 
tional status of the British people has not yet been seriously depressed. 
It is the opinion of all Medical Officers of Health with whom I have 
talked that the general health has improved during the war. It seems to 
be true that there has been a definite loss in weight among the well-to- 
do class, but against this there is evidence of improvement in the nutri- 
tion of the working class. Poverty such as we know in our large cities | 
and in our backward rural areas does not exist in England. Food habits 
there are, in the main, good. Bread and potatoes furnish the bulk of the 
calories in the diet; both the 85 per cent extraction bread and potatoes 
are good sources of the B group of vitamins and potatoes are an im- 
portant source of ascorbic acid in the quantities in which they are eaten. 
In fact during the winter months potatoes and vegetables of the cabbage 
family are practically the sole sources of vitamin C for the entire popu- 
lation with the exception of children under six. Animal sources of pro- 
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tein and of vitamin A are not abundant. The amount of meat available 
furnishes approximately 18 to 20 grams of protein a day, the intake of 
vegetable protein is ample to bring the total protein of the diet up to 
requirements. Butter and margarine furnish relatively small amounts of 
vitamin A, the weekly ration does not contain one day’s requirements 
but the amounts of carotene available from carrots, cabbage and sprouts 
are probably adequate. The fat content of the ration is quite low; this 
probably accounts for the weight-loss among the higher income groups 
of the population. Iron and calcium are also at what are thought to be 
minimal levels for adequate nutrition and there is a strong feeling on 
the part of some of the British nutritionists that the amount of phytic 
acid present in the 85 per cent flour may interfere with the proper 
absorption of these elements. In short the British ration is ample in cal- 
ories but low in animal protein and in fat. The average intake of vita- 
mins is, with the exception of the B group, considerably below the levels 
regarded as desirable; it is doubtful whether the average adult secures 
more than 1500 units of vitamin A and 20 milligrams of ascorbic acid 
daily. 

In spite of having subsisted on this ration for three and a half years, 
the people appear to be well fed and there are no definite clinical evi- 
dences of vitamin deficiency diseases. My own observations were en- 
tirely clinical and were confined to selected groups of the population 
chosen because there was reason to suspect that their nutrition was 
below the average. Nearly five thousand people were examined in vari- 
ous parts of England and Scotland, nearly half were older school chil- 
dren and adolescent workers. Three elderly people had typical Bitot’s 
spots without other evidences of deficiency of vitamin A. Mild follicu- 
losis was common among children and women but could not be related 
to deficiency of vitamin A. I saw one mild pellagrin and eight women 
who showed characteristic lesions of riboflavin deficiency. Approxi- 
mately thirty-five other persons had corneal vascularization of the pat- 
tern that may be due to riboflavin deficiency but showed no other 
evidences of malnutrition. No scurvy was seen. Gingivitis is exceedingly 
prevalent in most parts of the country and is associated with severe 
dental caries in many instances. The relation of this gingivitis to low 
intake of ascorbic acid is not yet established. Medical officers of health, 
dentists and school medical officers with whom this matter was dis- 
cussed were unanimous in the opinion that neither gingivitis nor caries 
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are more prevalent than before the war. Therapeutic tests with ascorbic 
acid have so far been negative except for one test carried out in Dundee 
in one of the large hospitals; there the gingivitis of a number of pati- 
ents was definitely improved by large doses of vitamin C. Many children 
in Scotland show evidence of old rickets but it seems unlikely that any 
of the findings I have mentioned are related to the present ration. 

Where biochemical methods and physiologic tests have been em- 
ployed in conjunction with clinical examination some suggestive results 
have been obtained. Dr. A. P. Meiklejohn found exceedingly low values 
for plasma ascorbic acid in subjects examined in South Wales in the 
early spring of 1942, as the season progressed and green vegetables and 
a small supply of cherries became available the values increased to rea- 
sonably satisfactory levels. No clinical condition suggesting scurvy was 
seen by him. In the same locality a small group of women with marked 
folliculosis had low blood levels of vitamin A, amounts of the order of 
60 I.U. per 100 cc. of blood while the average for the community was 
go I.U.; no person in this group had any defect of dark adaptation or 
other evidence of deficiency of vitamin A. The same observer found 
that a small number of the women examined in Lancashire as well as 
in Wales had slight reduction of plasma protein values, but no edema 
was found which was attributed to hypoproteinemia. A number of 
observers in various sections of England and Scotland have reported an 
apparent increase in simple hypochromic anemia during the past year. 
The subjects examined have been older school children and young 
women. The grade of anemia observed has not been severe, hemoglobin 
values were of the order of 13.0 to 13.5 grams per 100 cc. of blood. 
Extensive surveys of hemoglobin and red cell values in many localities 
are now under way. 

The general health of the British people has remained good. There 
have been no epidemics, in fact, the ordinary infectious diseases have 
been somewhat less prevalent than during the pre-war period. There 
has been a definite increase in the incidence of pulmonary tuberculosis 
among young women and of tuberculous meningitis among young chil- 
dren. This may in some way be related to nutrition but may also be 
explained by the crowding together of great numbers of girls in fac- 
tories and hostels and by the increased consumption by children of 
unpasteurized milk. 

It may be said in conclusion that the Ministries of Agriculture and 
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of Food have rendered a tremendous service to the British people in 
providing a ration which has leveled out the food habits of the nation 
and provided enough of everything for everybody. There seems to be 
no question that the poorer section of the population has benefitted 
from rationing. Poor children are getting more milk than ever before 
and very many are getting more oranges and other sources of ascorbic 
acid. People everywhere have become interested in practical nutrition 
and have come to depend on the information furnished by the Ministry 
of Food regarding the best use to make of foods of all descriptions. 
It must be repeated that the diet is monotonous and that well-to-do 
people are not nearly so well fed as was their habit before the war, 
but the lessons learned from wartime rationing promise to make a last- 
ing improvement in the nutrition of Britain in the days when sea lanes 
are open again and an orange can be had to replace those daily pounds 
of potatoes. 


(No formal bibliography can be furnished. Free use has been made of 
information contained in various reports of the Ministry of Food and the 
Ministry of Health. Much factual information regarding the ration is from 
the brochure, “Food Control in Great Britain,’ The International Labor Office, 
Montreal, 1942.) 
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peseseseseseln December 1914, at the fourth centenary of Vesalius’ 
birthday, anatomists and historians from all parts of the 
world were expected to gather in Brussels, where a 
solemn celebration of the anniversary had been prepared. 
esesesesesesi) But at that time the invader occupied Belgium, the Uni- 
versity of Louvain, where he had studied, had been destroyed and the 
international homage to the founder of modern anatomy could not take 
place. Nor, for the same reason, is this possible this year, at the fourth 
centenary of the publication of the Fabrica. Free scientific activity is 
suspended or hampered all over continental Europe and international 
meetings are no longer possible. It seems to have been fate that, during 
Vesalius’ life and even after his death unanimous recognition of his 
greatness always met with some obstacles. In this country, however, 
where the appreciation of his merits found eloquent expression in many 
studies of prominent scholars such as William Osler, Harvey Cushing, 
Edward Clark Streeter, Fielding Garrison, Henry Sigerist and others— 
in this Academy of Medicine under the auspices of which a magnificent 
reproduction of the Fabrica’s engravings from the old blocks was pub- 
lished, the great historical event had to be remembered. I have taught 
for many years at the same University and in the same place where four 
hundred years ago students coming from everywhere listened to the 
words of Vesalius and I will try to outline his wonderful activity at the 
school with which his name is indissolubly connected. 

On the morning of the fifth day of December, 1537, a solemn assem- 
bly was gathered in the sumptuous hall of the bishop’s palace at Padua. 
The vicar of the Pope, the professors and members of the College of 
Doctors in their gorgeous gowns were present, and Francesco Frigi- 
melica, prior of the College, after stressing in a flourishing, Latin dis- 
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course the merits of Andreas Vesalius, of Brussels, who in previous ex- 
aminations had furnished ample proof of his proficiency in medicine, 
conferred upon him the degree of Laureate Doctor of Medicine. The 
professors who placed their signatures on the elaborate document knew. 
very well that the young man was already destined to an important 
place among them; the following day he was nominated “by the illus- 
trious Senate of Venice, which is by far the most liberal in the endow- 
ment of the higher branches of learning, Professor of Surgical An- 
atomy,” and he immediately began his teaching and dissecting. The fact 
that the official appointment came on the day after the graduation sug- 
gests that the Senate and the professors evidently had had ample oppor- 
tunity of knowing the man whose academic career began in such an 
unusual way. 

Padua, as the center of the scientific Renaissance, was at that time 
at the peak of its glory. While religious wars were raging all over Eu- 
rope, hundreds of foreign students were grouped in the “nations,” 
which offered hospitality to the newcomers and were organized with 
perfect discipline, as centers of friendship and of learning. To mention 
only one figure: in the second half of the 16th century, the German 
“nation,” which comprised the Flemish students, had an enrollment of 
977 members, who attended the medical school. In occasional fierce 
competitions with other universities, of which we possess many records, 
the Venetian Senate tried to engage the most famous teachers for the 
school, and according to the new trend of medical doctrines, anatomy 
was evidently designed to be the center of medical studies. Padua had 
played in this field a remarkable role. Alessandro Benedetti had taught 
anatomy at the end of the 15th century, with great success, and had 
published a work on anatomy, dedicated to the Emperor Maximilian I, 
stressing the need for anatomical dissections, giving an exact account of 
their performance, and a description of the anatomical theater. The 
fact that Benedetti insisted upon the need for a permanent theater, 
instead of the temporary ones which were then in use, proves that regu- 
lar and frequent dissections were part of his program. In the first part 
of the 16th century, in the flowering of the Renaissance in art, an impet- 
uous desire for knowledge and inquiry into all problems of Nature, was 
manifest, and anatomical studies were initiated everywhere in Italy. In 
Bologna, Antonio Benivieni, the greatest of pre-Vesalian anatomists, 
had published, in 1502, his book on anatomy, and Berengario da Carpi, 
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commenting on Mundinus, had begun to doubt the teachings of the 
classics. Alexander Achillini, called Magnus Alexander, Professor in 
Padua, later in Bologna, had published, in 1524, a book with many cor- 
rections of Galenic anatomy, with the first correct description of the 
cecum, the bile duct, and the suspensory ligament of the liver. In Padua, 
and later in Pavia, where he died as a young man, Marcantonio della 
Torre, anatomist and friend of Leonardo, had first stressed the necessity 
for drawing directly from nature as a help to both teachers and students. 
But these were isolated attempts, public dissections were rarely per- 
formed, and outside Italy, in Germany, in France and in the Low Coun- 
tries, anatomy was taught only from books or from animals. Galen was 
still considered the authority and a mighty revival of his influence was 
at hand. Humanism had begun a strong fight against the Arabian 
authors, and the first move against them was in defense of Galen whose 
teachings the Arabs were accused of having plagiarized and distorted. 
The Neo-Galenic Academy of Florence had published, in 1533, a violent 
attack “against Avicenna and the neotheristic doctors who neglecting 
Galen accepted barbaric doctrines.” Paris was the stronghold of Galen- 
ism, and solemnly proclaimed the infallibility of the prince of phy- 
sicians. 

Vesalius belonged to a family of doctors who had been connected 
with the Imperial court, the University of Louvain and the Galenic 
tradition. At the medical schools of Louvain and Paris, two ardent 
Galenists, Guenther of Andernach, a learned humanist, of whom 
Vesalius later said that he never had used a knife except at table, and 
Sylvius, the leader of the Paris faculty, taught anatomy. But the young 
Vesalius was animated by an unquenchable thirst for learning and re- 
searching, personally and independently. He soon recognized that the 
system of teaching anatomy was wrong. “The detestable procedure now 
in vogue is that one man has to carry out the dissection of the human 
body, while another gives a description of the parts. The lecturers are 
perched up aloft in a pulpit, like jackdaws, and with a notable air of 
disdain, they drone out information about facts they never approach 
at first hand, but which they merely commit to memory from the books 
of others, or of which they have descriptions before their eyes; the 
dissectors are so ignorant that they are unable to explain the dissections 
to the onlookers, and botch what ought to be exhibited in accordance 
with the instruction of the physician, who never applies his hand to the 
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dissection and steers the ship out of the manual, as the saying goes. 
Thus, everything is wrongly taught, days are wasted in absurd ques- 
tions and in the confusion less is offered to the student than a butcher 
in his stall could teach the doctor.” 

In Paris, Vesalius had contested for a human skeleton with a pack of 
hungry dogs in a grave yard; at Louvain, he often waited near the 
gallows outside the town, trying to procure corpses or bones, and once 
climbed the gallows in order to take down a skeleton which he brought 
home in separate parts. The difficulties of dissecting and of teaching 
brought him to the decision to repair to Padua which he rightly believed 
to be the one place where his activity could develop freely. How he 
succeeded in acquiring the confidence of the Senate and of the Paduan 
professors, we do not know; but it is certain that in Venice, where 
anatomy was eagerly taught at the College of Physicians, he explained 
his program and obtained the promise to have the corpses he needed for 
his lectures. 

In Padua the teaching of anatomy was generally committed to the 
professor of surgery and the dissections were usually done by the sur- 
geons, despised by the learned doctors. Vesalius was appointed profes- 
sor of surgery primo loco, in first place, on the condition that he had 
to lecture on anatomy and to perform the dissections. We know that 
actually he also taught surgery and lectured on tumors and on frac- 
tures. But anatomy was the chief object of his lectures; in official docu- 
ments he is often praised as anatomist and teacher of anatomy with no 
notice of his lectures on surgery. In a document of 1541 he is nominated 
lector, dissector and ostensor in anatomy. 

In December 1537, Vesalius began his dissections and we know from 
contemporary sources and from the reports to the Senate, that his suc- 
cess was beyond all expectation. More than 500 students and doctors, 
and many distinguished and learned men, crowded his classes. The 
dissections sometimes lasted three weeks, in morning and afternoon ses- 
sions. The professor took great care to have a sufficient number of 
corpses at his disposal, and when these could not be secured, he dis- 
sected animals and performed vivisections. He began his teaching by 
summarizing briefly Galen’s description of the part he was going to 
show, and then he proceeded to the demonstration, dissecting and accu- 
rately preparing the part by himself, calling sometimes upon one or 
another of the students to assist him, with no further reference to the 
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text. Upon the request of the students, he prepared a delineation of the 
veins “which proved to be so pleasing to all the physicians and students 
that they strenuously urged me to supply a description of the arteries 
and the nerves.” He went on drawing sketches for the students, and 
was so convinced of their usefulness, that, in 1538, he published the 
Anatomicae Tabulae, three of which were designed by himself, three by 
his countryman, John Stephen Calcar, a pupil of Titian’s and a fine 
artist. The success was so great that immediately the Tables were repro- 
duced and plagiarized in Marburg and Cologne, in Augsburg, Frankfort 
and Paris. 

Everyone who compares these tables, born in the dissection room, 
with the “fugitive sheets” of anatomy, which were widely used at that 
time, and were derived from old, conventional patterns, is immediately 
aware of the great progress. These tables, which represent a remarkable 
achievement, show however, that Vesalius had not yet broken away 
from classic anatomy. The descriptions of the liver in four lobes, of 
the sternum in seven parts, of the uterus with horns, correspond not 
with reality, but with Galenic teaching. Vesalius still accepted the au- 
thority of the Ancients, and when in need of a textbook, he did not 
think to write one himself, but prepared a new edition of his teacher’s, 
Guenther von Andernach’s, Institutiones Anatomicae, correcting many 
errors of the original text, which he generously attributed to misprints. 
When the Venetian printers, Giunta, entrusted him with the editing of 
the anatomical books of Galen for the complete Latin translation in 
five volumes, for which no expense was spared,Vesalius eagerly ac- 
cepted. His vast classical education enabled him to accomplish this 
difficult task. He had called Galen “the divine teacher, the author of 
all good things,” and had considered galenism unassailable but now, 
during the assiduous study of Galen’s works in the original text, an 
essential change in his judgment took place. It is once more the char- 
acteristic proceeding of the Renaissance, from Humanism and blind 
reverence of the classic masters, to independent criticism, and from 
criticism to rebellion against dogmatic authority. In the new edition 
Vesalius corrected some errors of Galen and Augustinus Gadaldinus, 
the anatomist, tells that ““Vesalius improved Galen’s books on anatomy 
to such an extent as to alter them in many places.” The accurate study 
of the text, the comparison of different sources, and the contemporary 
control of Galen’s assertions by means of his own observations, brought 
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him finally to the conviction that Galen’s mistakes derived from the fact 
that he had never dissected a human corpse and had believed it to be 
right to accept the findings on animals as conclusive for human anatomy. 
Galen, said Vesalius, was “cheated by his monkeys, and in the manifold 
divergence of the human body from that of the monkeys, had hardly 
noticed anything except in the fingers and the bend of the knee.” The 
whole study of anatomy had to begin anew. 

Starting from this conviction, Vesalius continued his work as teacher 
calling the attention of his pupils to the differences between the classi- 
cal texts and the evidence of personal observations and collected accu- 
rately the descriptions of his findings and his discoveries. His intense, 
continuous activity appears wonderful. Encouraged by the students 
and by many of his friends, among whom he named with deep gratitude 
J. B. Montanus, the famous professor of medicine, and M. A. Genova, 
professor of philosophy at Padua, he prepared the two great books, the 
De Humani Corporis Fabrica and the Epitome. The Epitome was 
according to his intentions “the guide, index, and compendium of the 
Fabrica.” It was dedicated to the students as a handbook for dissections 
and at the same time to physicians and surgeons, who, preparing for an 
operation, had to recall the position and the form of a bone or of an 
organ. The Fabrica had to be, and in fact was, the first complete and 
systematic description of the human body as “a fabric, a wonderful 
structure, according to the work of the Supreme Creator and the Divine 
Artist, Nature.” Anatomy had to be taught as the “history of the human 
body, with perfect truth and absolute exactness.” 

The Fabrica is therefore more than a classic book of anatomy: it is 
from the frontispiece to the last page, a declaration of principles, a pro- 
gram of studies and an autobiography, from which the personality of 
the author emerges fresh and living. The title-page gives us the picture 
of the anatomical theater, as Vesalius visualized it, the figure of the 
teacher in the attitude of a challenger who proclaims his beliefs, and is 
surrounded by an attentive and astonished audience. In the middle of 
the picture is the corpse, around which the whole scene centers. At the 
top of the theater, Vesalius’ laurelled coat of arms stands as an affirma- 
tion of confidence in ultimate victory. In the portrait drawn by Calcar, 
on the third page of the book, Vesalius appears again examining the 
muscles of the right arm, in the act of resolving an anatomic problem. 
with which, we know, he was especially concerned. He does not wear 
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the traditional gown of the professor, but is clothed in the gorgeous 
brocade of the patrician. In front of him, on the table, is an open book, 
* not the traditional text of Galen, but the manuscript of a chapter of his 
Fabrica. 

The preface, addressed to the Emperor, to whom the book is dedi- 
cated, is, like all prefaces of that period and many of later times, re- 
dundant in rhetorical phrases. The author correctly foreseeing that his 
enemies would accuse him of heresy, declares that he respects the doc- 
trine of the classics, and that he only wants anatomy restored to its 
ancient place of honor. The flatteries of the prince, the protestation of 
devotion belong to the arsenal of all writers who felt the necessity of 
finding a sure and mighty protector against the strict censorship of the 
ecclesiastic authorities, and they often were the label which was ex- 
pected to cover the contraband. 

Vesalius’ book first brings to the teaching of anatomy the contribu- 
tion of objective observation and exact intelligent criticism. Through 
the penetrating eyes and the agile hand of the young anatomist the 
Fabric of the human body is revealed and shown in its proper structure, 
so that we can really speak of numberless discoveries. He lifted the veil 
which had obscured the real shape of things and therefore he put in his 
work the foundation of a new system of studying, of teaching, of think- 
ing. In the Fabrica the subject is systematically ordered in such a man- 
ner that the reader may have a complete and exact knowledge of the 
human body as a whole and of all its parts, finding for everyone the 
perfect description of its form and functions. Vesalius is at the same 
time the anatomist, the surgeon and the physician who conceives medi- 
cine as a whole and states that anatomy has to be “the firm foundation 
of medical art and of its essential doctrines.” He states that surgery has 
to be equal in dignity to medicine, and that all who want to be physi- 
cians have to study it diligently. Dealing with Galen, Hippocrates and 
Celsus, with Aristoteles and Avicenna, whom he often refers to, he pro- 
nounces an independent and courageous judgment, showing the way 
for objective research. He claims the right to perform vivisection on 
animals, and considers the problems of respiration and circulation with 
a clear mind. He is above all a teacher, and as a teacher he appears in 
direct communication with his pupils, never posing as an authority, and 
constantly inciting them to examine, to experiment, and to judge for 
themselves. 
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The accord between the text and the figures is unprecedented. We 
know that anatomical illustrations at that time were considered by th¢ 
Galenists as not only useless, but a hindrance to the understanding of 
anatomy, and the figures of the Fabrica aroused a bitter controversy, 
led by Sylvius and his school. But Vesalius had correctly understood 
the importance of the illustrations for his book, and his choice of artist 
was very fortunate. Stephen van Calcar’s name is indissolubly bound to 
Vesalius’ glory. His drawings gave to the book the incomparable worth 
of both a reliable guide through the paths of anatomy and of an admir- 
able work of art. The large figures appear erect in plastic attitudes. 
Look at the figure of the skeleton standing in the position which was 
supposed to have given Shakespeare the inspiration of Hamlet’s mono- 
logue, regarding pensively the skull which rests on a marble base, which 
is inscribed: “Man lives through his genius, all the rest is mortal.” It 
gives an eloquent synthesis of this work in which anatomy and art and 
philosophy are joined into a perfect and harmonious system. These 
figures have as a background an Italian landscape with flourishing trees 
and ruins of classic temples, and they appear to us as symbols of the 
new anatomy which has as a background the new life of the Renais- 
sance and the ruins of classic science. The beautiful initials, conceived 
and delineated with a fine sense of art, give to the book a picturesque 
touch. Some years earlier, Gerolamo Fracastoro, a Paduan scholar, had 
published a magnificent poem in classic Latin verses, devoted to the 
story and pathology of syphilis, creating a medical text and an admir- 
able work of poetry. Vesalius gave to anatomy its first textbook in 
a perfect artistic form. Both works are superb monuments of the scien- 
tific literature of the Renaissance. 

The Fabrica was published on May 5, 1543 in a splendid edition 
which makes it also from the typographical point of view, one of the 
outstanding books of the 16th century. The question has often been 
asked why the Paduan professor had his book printed at Basle instead 
of Venice, where the supervision and the correction of the proofs 
would have been much easier and more convenient, and where he 
had already been closely connected with L. A. Giunta. But Venice 
and its printers and the Giuntas first of all, had at that time the repu- 
tation of having contributed to the spread of the Lutheran heresy, 
and in the year 1541, when the book was ready, the Diet of Regens- 
burg had been convoked in order to stop Lutheranism, and the severe 








774 THE BULLETIN 








persecution of the heretics had begun under the direction of the Society 
of Jesus. From northern Italy, many protestants had taken refuge in 
Switzerland. Basle was a town where Catholics and Protestants lived 
in peace. That Vesalius was aware of the danger which threatened 
him is proved by a passage in his Epistle on Venesection, published in 
1539. “A very learned man, well satisfied because of his private wealth, 
was not ashamed to call Manardus, Fuchsius, Curtius and Brissotius, 
Lutherans in medicine, before a crowded assembly.” These four physi- 
cians were all very well known to Vesalius and in close relation with 
him, and were at the same time suspected for their independent teachings. 

In considering Vesalius’ work, it is impossible not to refer also to 
Leonardo and his anatomical drawings, which make him appear to the 
impartial historian as the first anatomist in the modern sense of this word. 
The problem of the influence exerted by Leonardo on Vesalius has been 
often discussed, but a definitive solution is impossible. It is not even 
sure that Vesalius may have seen Leonardo’s drawings, which seem 
to have been very little known at this time. But many facts allow us 
to admit that the great anatomist may have had at least some knowledge 
of this work, and of the fact that M. A. della Torre had intended 
to prepare with Leonardo’s help, anatomical tables to improve the ana- 
tomical teaching. It is certain that’Giorgio Vasari, historian and biog- 
rapher of the great artists of his time, ascribing to this association the 
origin of Leonardo’s anatomical drawings, told us a fact that was gen- 
erally known. In any case, the revival of learning, the atmosphere of the 
Renaissance, the factors which had an impact on Leonardo’s work in- 
spired and encouraged the Paduan professor. But this does not diminish 
in any way the imp ‘tance and originality of Vesalius’ achievement. 

Leonardo had started from a general conception of harmony and 
beauty which included the whole of the universe. He was a solitary 
thinker, driven to the study of all problems as an artist, a mathematician, 
and a philosopher. Vesalius, as a professor of surgery and anatomy, 
started from the real necessity for the physician and foremost for the 
surgeon, to know the anatomy of the body, and called for the help of an 
artist to accomplish this task. In the new conception of anatomy, free 
from the bonds of tradition and scholasticism, Leonardo was the precur- 
sor, but the conception expressed in a masterful form in his drawings 
found the convinced supporter, the systematic interpreter, and first of 
all, the great teacher, in Andreas Vesalius. 
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Leonardo’s anatomical work was quite unknown to the scientific 
world, whereas the Fabrica caused an immense sensation, and the au- 
thority of Vesalius grew rapidly. He was invited to perform dissections 
at Pisa, where Cosimo, Duke of Florence, extended him a cordial wel- 
come, ordered a corpse to be sent by special boat from Florence for the 
dissection, and offered Vesalius the chair of anatomy at the University. 
At Bologna he performed another public dissection and his friend Al- 
vius, professor of anatomy, assisted him. At the same time, however, 
the learned Galenists understood the danger of this revolutionary trend, 
and the first alarm came from Paris, where Sylvius took upon himself 
the defense of Galen. He called upon Vesalius to renounce his here- 
tical statements, to confess his mistakes, and to declare publicly his 
faults. As Vesalius answered that he had nothing to recant and that 
he stood for the truth of his assertions, Sylvius attacked his former 
pupil, declaring that he was not Vesalius but Vaesanus, a madman, and 
a two-legged ass; and his hatred went so far that as the most authorita- 
tive scholar of the Paris faculty, he wrote some years later to the Em- 
peror Charles V, at whose court Vesalius was appointed, asking the 
Emperor that “Vesalius be heavily punished and in every way re- 
strained, lest by his pestilent breath he poison the rest of Europe.” On 
Vesalius’ side stood his pupils, who loved and admired the teacher, but 
not all of them dared to take his part publicly, and some as Realdo Co- 
lombo were harsh in their criticisms. At the same time, a great number 
of plagiarists or “pirates,” as Vesalius called them, in Germany, France, 
England and Spain, tried to present the work of Vesalius in changed 
form. Vesalius felt very deeply this animosity against him and especially 
the hostility of his teacher to whom he answered in a form no less vio- 
lent than the one he had used. And perhaps he resented still more in- 
tensely the fact that the drawings had been copied or badly repro- 
duced, the more as having spent large sums for them, he had never- 
theless repeatedly stated that he was ready to put them without any 
charge at the disposal of any one who might wish to use them. 

When finally, in 1544, as a young man of thirty, he decided to leave 
Padua and his chair, and to follow the apparently easier road, in line 
with the tradition of his family, accepting the call to become physi- 
cian to Emperor Charles V, he broke with his past, burned his medical 
books and some manuscripts still unpublished. 

Andreas Vesalius became the celebrated physician of Charles V and 
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of Philip I, the famous surgeon and consultant, but he never returned 
to his anatomical studies, to Padua, whence his enemies had driven him, 
ejust as the wars had once made living in Paris impossible for him. In 
all probability it was twenty years later the tyrannical regime of Philip 
II and his fight against the Low Countries, the independence of which 
was to be crushed at that time, that made his life at the Court of Madrid 
intolerable. After his resignation no more original contributions to ana- 
tomy, except the corrections to the second edition of the Fabrica (1555) 
were published by him. He well knew that his work as scientist and 
teacher had come to an end. But we have positive proof that he thought 
of it with deep nostalgia. In the letter to Gabriel Fallopius, his suc- 
cessor at Padua in answer to some objections raised by him, he wrote 
(1562): “I remember that very sweet life that was mine while I taught 
anatomy in Italy, the true nurse of genius. . . . No opportunity of a 
dissection can occur here, where I cannot have even a skull, but [ still 
promise myself that on some favorable occasion I will thoroughly ex- 
amine that true book of the human body, that is, man himself, and I 
will impart to you, in order to complete the art, any additional aspect 
which it will exhibit by virtue of its great abundance and of the singular 
skill of its Creator.” And in another place: “I feel that the ornament of 
our art originates in that arena from which as a young man I was di- 
verted to the mechanical practice of medicine, to numerous wars, to 
continuous travels. May you continue to embellish our common school 
the memory of which is always most dear to me.” 

The letter was published under the title Amatomicarum observa- 
tionum Gabrielis Fallopii Examen in 1564, but this last work of Ve- 
salius had a strange fate. Fallopio, to whom it was addressed and sent 
through the Venetian ambassador in Madrid, never received it, having 
died before its arrival. Vesalius, who arranged with the Venetian printer 
for its publication, never saw the volume, which was published at the 
time of his death. 

But from the preface written by the publisher we learn that “before 
leaving for Jerusalem, Vesalius was greeted in the bookshop by Augus- 
tinue Gadaldinus, one of his warm friends and supporters, Andreas Ma- 
rinus [the learned commentator of Rhazes] and some other prominent 
physicians,” and that on the occasion the arrangements for the publica- 
tion of the Examen were completed. 

It may be that at that time the possibility of Vesalius’ return to 
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the chair of Padua, had been taken into consideration, but we don’t 
know anything about a formal offer of the Senate which, however, 
seems to have been likely, the chair having been vacant after Fallopio’s 
death until 1565, when, after the news of Vesalius’ death had reached 
Venice, Fabrizio d’Acquapendents, who was later Harvey’s teacher, 
was appointed. Vesalius never returned from his unfortunate journey. 
But his great book shows him in the memorable aspect of the founder 
of anatomy as a science, as the professor at the medical school of Padua, 
the office he cherished most. 

The creative activity of his life, his courageous fight against dog- 
matism, his great discoveries in the field of anatomy, the preparation of 
his books and the foundation of a new trend of medical thought evolved 
during the years of his teaching in Padua, the cradle of scientific Ren- 
aissance. In the history of the school of Fracastoro and Copernicus, of 
Galileo and of Harvey, Andreas Vesalius wrote one of the most glori- 
ous pages. 














THE BULLETIN 














INTERMEDIARY METABOLISM 
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— SN THE study of diabetes mellitus experiments have been 
c i initiated by and centered around two great discoveries. 
K I The first was that of v. Mehring and Minkowski, who, 
fh by removal of the pancreas, first produced in experimen- 
wesesesesesese) tal animals a condition closely resembling diabetes melli- 
tus in man. The second was that of Banting and Best whose discovery 
of insulin made it possible to restore the diabetic animal to normal by 
the injection of a few milligrams of a highly purified protein. Around 
the first discovery there accumulated a great literature out of which 
there emerged a chemical picture of the disturbed metabolism of the 
diabetic. Out of the second there grew a problem, namely the problem 
of the chemical action of insulin. It proposes the questions: “By what 
chemical mechanisms does insulin produce its striking metabolic ef- 
fects?” or “In what specific chemical reactions of the intermediary me- 
tabolism does insulin engage?” In contrast to the first field, the literature 
attempting to answer these questions is surprisingly small. 

About three years ago I became interested in this latter problem. 
The experimental work’*?**+*®7 which was then begun was done in 
collaboration with John A. Zapp, Jr., of the Department of Research 
Medicine, and Francis D. W. Lukens of the Cox Institute.* To them I 
wish to acknowledge my warm appreciation for their unstinting codp- 
eration. In this paper I shall discuss some of these experiments. (It will 
be understood, of course, that limitation of space makes it impossible for 
me to mention many important and significant papers by other workers 


in this field.) 
It seemed to me, however, that a direct attack upon the problem of 


oooces 
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chemical action of insulin was premature, for the interpretation of the 
general chemical picture of diabetes mellitus was still a matter of sharp 
dispute. Students of the disease were divided in advocating two con- 
tending theories of diabetes. On the one side we find the under-utiliza- 
tionists. They constitute the large majority and their thesis is the more 
popular one. It holds that the main, if not the sole, defect in the inter- 
mediary metabolism in diabetes mellitus is one in which the peripheral 
tissue (i.¢., chiefly muscle) cannot, either at all or in sufficient measure, 
oxidize carbohydrate without the catalytic intervention of insulin. On 
the other side is a smaller group—the over-productionists. Their thesis 
is that there is an overproduction of carbohydrate by the liver chiefly 
from fatty acids which are convertible into carbohydrate. The function 
of insulin is to control, directly or indirectly, the extent of this conver- 
sion; its action in the periphery to catalyze the oxidation of carbohy- 
drate, is either nil or of minor importance. 

In the light of either theory the complete diabetic is in a bad way. 
According to the under-utilizationists no energy is derivable from car- 
bohydrates; about 60 to 80 per cent of that from protein is lost, hence 
fat must form the bulk of his metabolic mixture. According to the over- 
productionists the diabetic is wasting potential foodstuffs by excreting 
large amounts of fat in the form of sugar into the urine. In either case 
the question of fat metabolism assumes major proportions and until 
we are well oriented on this question the problem of the chemical action 
of insulin must remain obscure. It is necessary then to examine the hy- 
pothesis of fat metabolism which grew up simultaneously with the 
development of the above hypotheses of the diabetic defect. 

In the light of our present knowledge of fat metabolism it is possible, 
I believe, to include all conceivable hypotheses of fat metabolism in the 
two following chemical mechanisms (Fig. 1): 


Fig. 1—Conceivable chemical mechanisms of fat metabolism: 


I—Direct utilization by peripheral tissues. 
Oxidation is both initiated and completed in the periphery. 
II—Indirect utilization. 
Preliminary partial oxidation in liver to diffusible, oxidizable substances 
which are utilized by the periphery. 


I shall discuss later reasons for believing that both of these mechan- 
isms are operative at the same time. 
Concerning the first mechanism, that is, the direct utilization of fat 
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in the periphery, almost nothing is known. The literature contains few 
experiments which shed light upon the mechanisms involved. In sharp 
contrast, we find the intermediary metabolism of carbohydrates by the 
muscle to be fairly well mapped out; yet a similar map of the intermedi- 
ary metabolism of fat in the muscles is virtually blank. 

Concerning the second mechanism, i.e., the preliminary partial oxi- 
dation of fats in the liver, we are more fortunate, and indeed it is this 
mechanism which I shall chiefly discuss tonight. It is here, however, 
that differences of opinion arose and split the diabetic camp into two. 
The details of the contending hypotheses which have been advocated 
are summed up in Fig. 2. 


Fig. 2—Contending hypotheses concerning the 
preliminary oxidation of fatty acids in the liver: 


II—A. Fatty acids oxidized to ketone bodies + acetic acid. 
II—B. Fatty acids oxidized to ketone bodies + glucose. 
II—C. Fatty acids oxidized to ketone bodies only. 


According to the first of these, II-A, fats undergo a preliminary par- 
tial oxidation in the liver to a four carbon ketone residue, the balance of 
the molecule being oxidized to a two-carbon compound, i.e., acetic acid. 
In the normal both of these substances are freely oxidized in the peri- 
phery, but in the diabetic, the oxidation of the ketone residue cannot 
occur. This represented the position of the under-utilizationists. 

According to the second hypothesis, II-B, fatty acid likewise under- 
goes partial oxidation in the liver but the products of this oxidation are 
glucose and ketone bodies. This was the contention of the over-pro- 
ductionists. 

The third hypothesis, II-C, postulates that the partial oxidation of 
the fatty acids in the liver results in the formation of ketone bodies only. 
This position represents, indeed, a new departure and is the one for 
which experimental evidence will be given. 

It is interesting to note the influences which focused attention upon 
the first of these hypotheses and obscured the others. Among these 
were: first, the ascendency of the under-utilizationists led by Lusk; sec- 
ond, the entrenched position of the Knoop hypothesis of successive beta 
oxidation of fatty acids so strongly advocated by Embden and by 
Dakin; and lastly, the development by Woodyatt and by Shaffer of the 
hypothesis of obligatory coupling of ketone-body-carbohydrate oxida- 
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tion in the periphery. It became necessary to examine these last two 
hypotheses before proceeding further. 


Fig. 3—Current hypotheses of fat metabolism in the diabetic: 


I—Knoop hypothesis of successive beta oxidation. 
Long carbon chains of fatty acids oxidized two carbons at a time with 
formation of acetic acid+one ketone molecule per molecule of fatty 
acid. 
E.g. Palmitic+6.5 O,=1 ketone+6 acetic. 

II—Ketones oxidized only by obligatory coupling with carbohydrate 
oxidation. 


Il1I—Fat converted to carbohydrate by liver. 


Knoop’s original experiments with phenyl substituted fatty acids 
showed from the nature of the phenyl residue excreted in the urine, 
that the short fatty acids which he used were oxidized at the carbon 
atom which is in the beta position to the terminal carboxyl group. In 
the case of the five carbon fatty acid, the longest chain used, Knoop 
found delta as well as beta oxidation. He made no statement about the 
possible splitting off of a two carbon compound such as acetic acid, 
nor did he conclude that this beta oxidation found with short fatty acids 
was representative of a general biological reaction applicable to all fatty 
acids. These experiments of Knoop were rapidly confirmed and ex- 
tended notably by Dakin* and the experience with short fatty acids 
was generalized to include a biochemical reaction for the oxidation of 
all fatty acids. There were two characteristics of this oxidative reaction, 
namely, (1) oxidation at the carbon atom next but one to the terminal 
carboxyl group, i.e., beta oxidation, and (2) the splitting off of two car- 
bon atoms presumably as acetic acid. The process became known by its 
full name, successive beta oxidation, and as such became firmly fixed in 
the literature. According to it the oxidation of the long naturally oc- 
curring even numbered fatty acid chains containing sixteen or more 
carbon atoms would proceed as follows: Successive molecules of acetic 
acid would be split off by beta oxidation leaving a series of fatty acid 
residues each shorter by two carbon atoms than its immediate precursor. 
Finally one molecule of butyric acid would result which in turn was 
oxidized to aceto-acetic or beta hydroxy-butyric acid. For every mole- 
cule of fatty acid oxidized only one molecule of ketone-body would be 
formed. This process was confined to the liver; there is no evidence that 
a similar process occurs in the periphery. 

Along with the hypothesis of successive beta oxidation, another 
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hypothesis concerning fat metabolism was developing. I have called this 
the hypothesis of obligatory coupling of ketone-carbohydrate oxidation. 
According to it there is a definite stoichimetric reaction between ketone 
and carbohydrate of such a nature that exactly one, or perhaps two, 
molecules of ketone reacts with one molecule of carbohydrate in such a 
way that when the carbohydrate is oxidized the ketone is simultaneously 
oxidized. If this coupled reaction cannot take place either by lack of 
available carbohydrates, as in fasting, or lack of ability to oxidize carbo- 
hydrate, as in diabetes, then there is no way in which the ketone bodies 
can be oxidized and they accumulate or are excreted as toxic or waste 
products of fat metabolism. 

The combination of these two hypotheses represented in the main 
the position of the under-utilizationists. The complete diabetic losing 
most of the energy from protein and carbohydrate still has 50 per cent 
of the original energy of the fat in the form of acetic acid. Lacking 
ability to bring into play the obligatory coupled reaction with carbo- 
hydrate the diabetic excreted the residual ketone. To be sure, this was 
a bit wasteful of fat but unless the ketones were toxic, which most peo- 
ple agreed was not the case, the process would have been harmless were 
it not for the unfortunate fact that ketone excretion robbed the body of 
base, thus threatening fatal coma. Further, the hypotheses avoided postu- 
lating the formation of carbohydrate from fat. Finally, the discovery 
of the ketogenic-antiketogenic ratio appeared to offer a quantitative 
explanation of the marked influence of carbohydrate utilization upon 
ketone excretion. There even accrued about this position a supporting 
aphorism: “The fats burn in the flame of the carbohydrates.” 

Meanwhile the position of the over-productionists was developing, 
but upon somewhat less well-entrenched lines. Obviously they could 
hardly espouse the obligatory coupling hypothesis for then ketonuria 
would never occur since by assumption abundance of carbohydrate is 
oxidized in the periphery. They therefore occupied themselves with un- 
dermining this position of the under-utilizationists, and showed, by the 
work of Chaikoff and Soskin,® for example that the ketone bodies were 
oxidized in the periphery without coupling with carbohydrate oxida- 
tion. The abnormal fat metabolism in diabetes could be more easily ex- 
plained by postulating that there occurred in the liver the following 
reaction: 


Fatty acid + oxygen = ketone bodies + glucone 
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The exact stoichiometrical relations of this reaction were never clearly 
defined. The important assumption was made that this reaction was con- 
trolled by insulin. In diabetes the control was lost and the reaction ran 
to excess with overproduction of both ketone bodies and glucose. 

The possibility of the conversion of fat to carbohydrate continued 
to be fought for bitterly by its advocates but their arguments brought 
little conviction to the under-utilizationists. Indeed, Lusk characterized 
the reaction as a “figment of the imagination” which “should be rele- 
gated to the realm of scientific superstition.” However, the critical ex- 
periment which would decide the matter one way or another still re- 
mained to be done. 

It seemed to me that the problem of the chemical action of insulin 
must be preceded by a flank attack upon the problem of fat metabolism 
in diabetes. Indeed, in retrospect of the literature, it was evident that 
the position held for a period of 30 to 40 years was already consider- 
ably undermined. For example, in the normal fasting animal or in the 
diabetic animal, who must be subsisting chiefly upon fats, there should 
be found in the liver large amounts of intermediate fatty acids with 14, 
12, 10 or less carbon atoms. But they had never been found. 

Again, consider the case of the working diabetic, particularly the 
exercising depancreatized dog. He should oxidize no carbohydrate, 
hence he could oxidize no ketones. Now exercise him and measure the 
extra calories produced. These extra calories must come from fat, and 
by the Knoop hypothesis, one could calculate exactly the extra ketones 
formed. These should all appear in the urine, but no extra ketones what- 
ever were found, as can be easily calculated from Barker’s”® recent ex- 
periments. The implication seems obvious: The extra fat was completely 
oxidized without benefit of coupled carbohydrate oxidation. This fact, 
namely, that exercise did not increase the ketonuria of the complete 
diabetic, was completely at variance with the obligatory coupling hy- 
pothesis and should long ago have forced its abandonment. 

The generalization of Knoop’s experiments on short fatty acid 
chains to include an explanation of fat metabolism in the diabetic came 
under fire shortly after its publication. In 1916 Hurtley,” an English 
clinician, published a comprehensive paper on ketosis in diabetics. He 
was struck by the fact that none of the lower fatty acids had been 
found in the livers of patients dying in coma. Particularly was this so 
in the case of butyric acid which should have been revealed by its odor 
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SCHEMATIC OXIDATION OF PALMITIC ACID 
BY DIABETIC LIVER 
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alone. Hurtley had no experiments but on theoretical grounds he pro- 
posed an alternative hypothesis, which became known as the multiple 
alternate oxidation hypothesis. On the basis of in vitro studies with liver 
slices Jowett and Quastel’* brought it out again. The two hypotheses 
are contrasted in a schematic way in Figure 4. The multiple alternate 
oxidation hypothesis states that the long fatty acid molecule is oxidized 
along the entire length of the chain at alternate carbon atoms. The re- 
sult is the complete disappearance of the fatty acid with the simultan- 
eous appearance of an equivalent amount of ketone bodies. The Knoop 
hypothesis, on the other hand, supposes that there is a step by step oxi- 
dation of the molecule. Paired carbon atoms are split off to form acetic 
acid leaving a residue of one molecule of ketone body. The contrasting 
chemical consequences of these two theories for the oxidation of palmi- 
tic acid, for example, are as follows: (1) The production of one mole- 
cule of ketone should require 1% molecules of oxygen or 64%; (2) for 
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Fig. 5—The oxygen requirements (moles) for the production 
of a mole of ketone from palmitic acid by hepatic oxidation. 





every molecule of fatty acid oxidized there should appear 4 molecules 
or only 1; (3) the oxidation of one molecule of fatty acid should give 
no acetic acid or 6 molecules. In our own experiments we attacked the 
problem in three different ways each of which was designed to give a 
critical answer to the problem. In the first of these, illustrated in Figure 
5, the oxygen requirements for the production of one mole of ketone 
body are given. For the multiple alternate oxidation hypothesis there 
would be required 1.5 while for the Knoop hypothesis the value would 
be 6.5. The answer to the problem should be found in the fat metabol- 
ism of the liver from the diabetic cat. This was measured in the follow- 
ing way: Two to four days after pancreatectomy, the animal was sacri- 
ficed, and liver slices were prepared and equilibrated in vitro in suitable 
buffers with 100 per cent of oxygen. Ketone formation and oxygen 
consumption were measured over a period of two hours. The results 
appear in the last column. We found (Fig. 6) in a series of six diabetic 
cats a ratio of oxygen consumption to ketone formation of 1.1 + 0.2 
a value not significantly different from that required by the multiple 
alternate oxidation hypothesis. The ratio clearly excludes the Knoop 
hypothesis. In the second type of experiment (Fig. 6) we looked for 
the possible formation of acetic acid. These liver slices from diabetic 
cats were producing large amounts of ketone bodies in vitro as shown 
by the top block. The calculated acetic acid according to the Knoop 
hypothesis is indicated in the solid block. Yet in a series of animals 
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Non-formation of Acetic Acid by Liver Slices 
from Diabetic Cat (No. 106B). 
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we were unable to demonstrate any acetic acid either initially or at the 
end of two hours of equilibration in vitro. The possibility that the acetic 
acid was formed and then oxidized, was excluded by the determination 
of the respiratory quotient of the slices which in that case should have 
been about 0.7 instead of the value of 0.3 which was actually found. 
We also searched for the possible formation of the intermediary fatty 
acids containing one to eight carbon atoms which were supposed to 
form by successive beta oxidation but were unable to demonstrate even 
traces of them. The third type of experiment (Fig. 7) is in essence a 
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The Oxidative Metabolism of Liver Slices 
from Six Diabetic Cats. 
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balance study of the fatty acid metabolism of liver slices from diabetic, 
normal phlorhizinized cats, and phlorhizinized rats. We would expect, 
according to the multiple alternate oxidation hypothesis that for every 
mole of fatty acid which is completely oxidized and therefore disap- 
pears from the liver, there would be formed four moles of ketones. 
That is to say, the fatty acid oxidized away should be replaced, as the 
slide shows, in the first and third blocks, by an equivalent amount of 
ketones. On the other hand, the Knoop hypothesis would predict the 
formation of only one-fourth equivalents of ketones. In a series of eight 
animals we found as the last segment of the slide shows, that the decrease 
by oxidation of fatty acid during two hour equilibration of the liver 
slices in vitro was accounted for by the appearance of approximately, 
an equivalent amount of ketone, a result in accordance with the mul- 
tiple alternate oxidation hypothesis. 

This conclusion must not be interpreted as meaning that beta oxida- 
tion does not occur at all in the liver. Indeed, Stetten and Schoen- 
heimer™* using deuterium have definitely shown that it does occur. It 
does mean, however, that the great bulk of fatty acid oxidation in the 
liver goes by way of multiple alternate oxidation rather than beta oxida- 
tion. 

It is now possible to write the stoichiometrical equation for the 
oxidation of fatty acids in the liver of the diabetic and it is to be noted 
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that no glucose is included in the reaction. However, the problem is of 
sufficient importance to warrant further experiment and I show two 
other types of evidence on this point. Glucose is comparatively rich in 
oxygen, namely, one atom of oxygen per atom of carbon. Fatty acids 
on the contrary contain very little, about % of an atom per atom of 
carbon. If the diabetic liver converts fatty acids into glucose it must 
furnish by respiration at least % of an atom of oxygen for every atom 
of fat carbon which it builds into the glucose molecule. Hence a balance 
sheet of the oxidative metabolism of liver slices from diabetic cats should 
yield significant information about the possibility of the conversion of 
fats to carbohydrates. Such a balance sheet was determined in the case 
of six depancreatized cats and is shown in the slide. Three known oxida- 
tive processes were independently measured and the oxygen required 
for each calculated (Fig. 8). Deamination of amino acids measured by 
urea formation required 10 »M of Oz per gm. of liver per hour. Carbon 
dioxide formation required 30, and ketone formation required 60. The 
sum of these is 100 »M/gm. of liver/hr. The total actually observed 
oxygen uptake was 88 »M/gm. of liver/hr. not significantly different 
from the sum for the three known oxidative processes. In other words, 
within the limits of error, the balance was exact. But these same cats 
excreted, 1 to 4 hours before the experiment with the liver slices, 
amounts of glucose which if it came from fat would have required at 
least 97 »M/gm./hr. for this one oxidative process alone. But the experi- 
ment shows that there was no oxygen whatever available in the meta- 
bolism of the liver slices for this supposed synthesis. This experiment, 
alone, even if there were no others available: is strong proof that the 
conversion of fatty acids to glucose does not occur in the diabetic liver. 

In the second type of experiment bearing on this point (Fig. 9), we 
measured the actual new carbohydrate formation by diabetic liver 
slices equilibrated in vitro. In addition we measured the protein meta- 
bolism by measuring urea formation and the fat metabolism (as ketone 
formation) in order to know how much glycerol might be available for 
carbohydrate formation. And lastly, we measured lactic acid metabol- 
ism in order to know its role in potential carbohydrate formation. In 
this way we could construct a balance sheet of carbohydrate precursors. 
These liver slices were actively oxidizing fats as shown by the abundant 
ketone formation and according to the hypothesis should also have been 
forming new carbohydrate from fat. But when the balance sheet was 
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added up we could find no significant amount of new carbohydrate 
formation by the liver slices from the diabetic cats which could not be 
accounted for as coming from either catabolic protein, catabolic glycerol 
or lactic acid initially present in the liver. 

In contrast to our inability to demonstrate formation of glucose from 
fat was our experience with a known precursor of carbohydrate. For 
example, these same liver preparations in the presence of lactic acid 
formed new carbohydrate up to 10 mg./gm. of liver/z hrs. an amount 
sufficient to account for a large fraction of the glucose actually excreted 
by the cat in a preliminary period of observation. 

These experiments convinced us that the diabetic liver was producing 
nothing but ketones by partial oxidation of fatty acids. Neither acetic 
acid nor glucose was formed. It seemed clear that these ketone bodies 
must be oxidized in the periphery for otherwise there would be prac- 
tically no source of energy available since most of the energy from 
protein and all of that from carbohydrate was out of the picture. The 
demonstration that the diabetic could utilize ketones peripherally became 
important and in five ways we showed that this was the case. Four of 
these were on animals and one on human cases of diabetes mellitus. | 
shall mention only two types of animal experiments. 

In a preliminary period of 2 to 3 hours the urinary ketone excretion 
of diabetic cats was measured (Fig. 10). The animal was then sacrificed, 
the liver quickly removed and slices were prepared and equilibrated 
in suitable buffers at 38° C. for a period of 2 hours. The slices and the 
medium were then analyzed for ketone bodies and the amount of ke- 
tones formed by the liver calculated to body weight per hour. The fig- 
ure (Fig. 10) shows that the total ketone formation by the liver was 
greatly in excess of the preliminarily determined ketone excretion. The 
difference can only represent the ketone body utilization by the peri- 
pheral tissues, chiefly muscle, of the intact diabetic cat. The mean value 
in the case of eight diabetic cats was 1100 M/kg. of body weight/hr. 
which is equivalent to 2.3 gm. of fat/kg./day. 

The second method stands in contrast to the other methods used in 
which surviving liver slices or muscle minces were equilibrated in vitro. 
Possible objections to such preparations were avoided by using the in- 
tact diabetic cat. First the urinary ketone excretion was measured over 
a preliminary period of 2 to 4 hours. Then the abdomen was opened 
and with as little trauma as possible samples of portal and hepatic blood 
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METHOD I. KETONE UTILIZATION 
BY 8 DEPANCREATIZED CATS. 


KETONES FORMED BY 


LIVER SLICES 


Per Kg body weight per hour 


Micromoles 


1000 
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< Ketones utilized 
1100 + 150 w»M/kg/hr 


Urinary ketones 
130 + 35 »M/kg/br 


Ficure 10 


Fic. 10A—Ketone Formation by Liver of Diabetic Cats, Calculated 
from Portal and Hepatic Blood Ketone Concentration in Intact Animal 























Blood agama Calculated liver ketone 
Cat. No. ee formation, micromoles 
Portal Hepati per kilo cat per hour 
orta epatic 
96D 9.4 10.5 875 
96E 16.4 17.7 1000 
102A 9.7 11.7 1940 
Mean 1265 + 410 











were obtained and their ketone bodies determined. In all cases, the out- 
going hepatic concentration was higher than the ingoing portal ketone 
concentration. In order to calculate the total ketone production by the 
liver we used a mean value for liver blood flow taken from the liter- 
ature (Schmid)."* The ketone body production by the liver so calcu- — 
lated was again greatly in excess of the ketone body excretion deter- 
mined during the preliminary period. The difference is utilization. The 
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Diabetes Mellitus, Bessie B. 
(Wilder, Boothby, ana Beeler, 1922) 
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results (equivalent to 2.2 gm. of fat/kg./day) are in agreement with our 
three types of in vitro experiments in showing a marked utilization of 
ketone bodies by the peripheral tissues of the diabetic cat. 

On the basis of these experiments and other evidence it seemed 
reasonable to us to exclude the overproduction hypothesis as an expla- 
nation of the diabetic defect and adhere to the underutilization hypo- 
thesis. The diabetic in calling for reserves of energy from fat, could 
partially oxidize the fatty acids in the liver to ketone bodies which could 
be freely used in the periphery without insulin and without the neces- 
sity of coupling this oxidation with the oxidation of carbohydrates. 

But there still remained two things to be done. The first was to ob- 
tain evidence for the oxidation of ketones by the peripheral tissues in 
human cases of diabetes mellitus, and the second was to re-examine the 
so-called ketogenic-antiketogenic ratio which still represented in the 
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literature the expression of the obligatory coupling hypothesis in the 
human diabetic. 

The assumptions used were clearly stated by Shaffer’’ as follows: 
“The hypothesis states that antiketogenic in the human subject is based 
upon a ketolytic reaction in the body between acetoacetic acid, the first 
formed of the acetone bodies, and a derivative of glucose (or other 
antiketogenic substance), the compound being further oxidized: but that 
failing to react with ketolytic substance, acetoacetic acid is resistant to 
oxidation, accumulated and is. . . excreted. . .. The fact that one finds 
at the threshold of ketosis an approximately constant ratio between the 
number of molecules of the precursors of acetoacetic acid and of glu- 
cose in the metabolic mixture, must mean that the further oxidation of 
acetoacetic acid constantly taking place under normal conditions is 
accomplished through a chemical reaction with a derivative of glu- 
COBB. 2s 

Fortunately, there is in the literature a sufficient amount of the nec- 
essary data for re-testing this hypothesis in subjects with diabetes mel- 
litus. The cases are all classical ones, reported in the literature before 
the advent of insulin when marked ketonuria was, of necessity, a fre- 
quent accompaniment of the disease. Similar data on human diabetics 
will in all probability never be obtained again, since it is unlikely that 
patients with marked ketonuria will be allowed to remain untreated over 
long periods of time. The data include calorimetric measurements of the 
metabolic mixture of proteins, fats and carbohydrates together with the 
total ketone body excretion. Hence it is possible to calculate the total 
carbohydrate or so-called antiketones oxidized. In addition, from the 
total fat catabolized and the urinary ketone excretion, it is possible to 
calculate the total fat utilized or its equivalent in ketones. The best way 
to examine the data is to put it in the form of an equation and apply 
the data to the equation by statistical methods. When there is a definite 
excess of ketone excretion the equation is a simple one and is shown in 
the slide (Fig. 11) by the dotted straight line labelled 2:1. The equation 
merely restates the hypothesis, namely, that two molecules of ketones: 
but no more, are oxidized for every mole of antiketones oxidized. The 
figure shows the data in one case, that of Bessie B. of Wilder, Boothby 
and Beeler,’® one of the best studied cases of the series. The ordinate 
shows the mM of ketone utilization calculated from the metabolic mix- 
ture. The abscissa shows the mM of antiketones oxidized. If there were 
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anything in the obligatory coupling hypothesis the observed points 
should fall on the line marked 2:1 which is calculated for a 2:1 keto- 
genic-antiketogenic ratio. But the true line for the data runs in the op- 
posite direction with no relation whatever to the theory. Moreover it is 
important to note that the intercept constant, when antiketones were 
zero, is about 14 and is very greatly in excess of zero which it should 
be according to the theory. That is to say, Bessie B. was utilizing either 
ketones or fat even in the practically complete absence of carbohydrate 
oxidation, a conclusion in conformity with the experiments with the 
diabetic cats and opposed to the obligatory coupling hypothesis. Analy- 
sis of five other cases of diabetes mellitus for which complete data were 
available in the literature all showed the same thing as did this illustra- 
tive case. There was found no significant correlation between antike- 
tones and fats oxidized. It seemed to us from this analysis that the last 
remnant of the obligatory coupling hypothesis has vanished for there 
was no suggestion in the data that there was any fixed molecular keto- 
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genic-antiketogenic ratio. On the other hand, there were strong indica- 
tions that these patients, many of whom were almost complete diabetics, 
were like our diabetic cats, completely oxidizing ketones or fats with- 
out simultaneous oxidation of carbohydrates. 

It was found possible to state a simple hypothesis of fat metabolism 
in diabetes mellitus which would conform to the observations in these 
clinical cases and with the experiments with animals. It is as follows: Up 
to a certain level all fat catabolized is completely oxidized; hence there 
is no ketonuria. Beyond this level all fat catabolized is not completely 
oxidized; hence part of the fat catabolized is excreted unburned in the 
form of ketone bodies. The action of carbohydrates is simply to spare 
fat oxidation; there is no molecular reaction, hence there is no molecular 
ratio between the two. 

The diagram (Fig. 12) shows the implications of this hypothesis. 
The figure shows the amount of fat in the metabolic mixture. On the 
abscissa’ F is the total fat catabolized, that is, the fat poured into the 
stream of intermediary metabolism and undergoing oxidations of one 
sort or another. On the ordinate is shown by U the total fat which is 
completely oxidized. Both of these values are in gm./kg./day. There 
are two phases in the metabolism of fat, the aketonuric and the ketonu- 
ric phases. Starting from zero and increasing the amount of fat catabo- 
lized, we pass through the aketonuric phase along the line marked U=F. 
Here all of the fat in the metabolic stream is completely utilized and 
there is no ketonuria. But, at any given state of activity, the ability of 
the organism to mobilize exactly that amount of fat which can be com- 
pletely oxidized appears to be limited. This upper limit is shown by the 
dotted line marked Uo. I call this the maximal aketonuric fat utilization. 
If the call for fat calories exceeds this aketonuric level, it is answered 
in the following way: Extra fat is catabolized above the aketonuric 
level, but only part of this extra fat is completely oxidized. This is shown 
by the bending of the line marked ketonuric phase away from the 
extended dotted line which would represent complete oxidation. The 
difference between these two lines, indicated by the double arrow on 
the right, is not utilized and hence is excreted in the form of the ketone 
bodies. In other words, the diabetic can only increase his energy from 
fat above the basal aketonuric level by wasting part of the fat catabol- 
ized by the excretion of ketone bodies combined with base at the risk 
of acidosis. 
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This hypothesis can be tested by applying the data of diabetic cases 








in the ketonuric phase. There should be found, as indicated in the dia- 
gram, a straight line relation between the fats completely oxidized and 
the total fat catabolized. When this line is extended back to the point 


where there is no ketonuria, the value of the aketonuric fat utilization 
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is obtained and this should be about the same value for all cases. In other 
words, if we plot the data obtained from a diabetic during ketonuria, 
we should obtain a line similar to the one marked “ketonuric phase” in 
the slide. 

I show (Fig. 13) one representative case, No. 740 of Joslin.” The 
data represent as before the metabolic mixture determined by calori- 
metric methods. For contrast the diagram shows on the left the present 
hypothesis and on the right the ketogenic-antiketogenic hypothesis. On 
the left the total fat catabolized calculated as ketone bodies is plotted 
against the total fat completely utilized. The observations fall about a 
straight line as expected from the hypothesis. At 1200 »M/kg./hr. of 
ketone equivalent to 2.1 gm. of fat/kg./day, catabolism and utilization 
are equal, hence there is no ketonuria and 2.1 is the aketonuric fat utili- 
zation in this case. When ketones formed were 1800 »M only 1600 »M 
were utilized. In other words, about 200 »M or % of the fat catabolized 
was excreted as ketones. In the segment on the right of the slide the data 
from the same case are plotted according to the ketogenic-antiketogenic 
hypothesis. Here, as in the cases hitherto illustrated, there is no correla- 
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Maximal aketonuric 
fat utilization in 





Case matweenee equivalents of ketone 
bodies 
Group I mM. per kgm. per day 
eee Gephart, Aub, DuBois and 
Lusk*® 35 
Bessie B....... Wilder, Boothy and Beeler™* 34 
Kramer......... Sha ffer™ 35 
eae Joslin” 28 
Sere Mosenthal and Lewis” (47)* 
Jervis B........ Richardson and Ladd 23 
Group II 
ge ee Richardson and Ladd 87 
OS Oe Richardson and Ladd 26 
>? ee Richardson and Ladd 37 
2 ee Richardson and Ladd 87 
SR Richardson and Ladd 37 
ty ae McClelland, Spencer, and 
Falk 40 
Mean *(11 cases) 34+ 1.6 (S. E. of mean) 
Equivalent in grams 2.5 + 0.12 





of fat 








* Excluded from basal mean on account of fever (102° F.). 


tion between the data and the hypothesis. 
I have preferred to talk about utilization in order to emphasize the 
question of fat oxidation in the diabetic, but the hypothesis could just 
as well be framed in terms of urinary ketone excretion. By way of illus- 
tration I show the data in the case of Cyril K. of Gephart, Aub, DuBois 
and Lusk"* (Fig. 14). Total fat metabolism is expressed in ketone equiva- 
lents as »M/kg./hr. ‘and the urinary ketone in the same units. The data 
fall about a straight line as expected from the hypothesis. Note that 
when the urinary ketones are zero, fat catabolism is equivalent to 1500 
uM/kg./hr. or about 150 gm. of fat per day. This was Cyril K’s basal 
aketonuric fat utilization value. Note further that when he increased 
his fat catabolism by 1000 »M he excreted about 600 »M out of this ex- 
tra 1000. In other words, Cyril K. could only use about 40 per cent 
of the fat catabolized above his basal aketonuric fat utilization level. 
All cases for which there were data available in the literature (Fig. 
15) showed the same relations as those shown in these illustrative cases. 











Diabetes Mellitus 799 














The analysis of these cases is shown in this slide. There are twelve cases. 
The values for the aketonuric fat utilization are shown in the last col- 
umn. With the exception of Mosenthal and Lewis’ case E. W. which 
was the only case with infection and fever, these values are all concor- 
dant and the mean value is equivalent to 2.5 gm. of fat/kg./day. The 
findings here outlined are offered as proof that the hypothesis of fat 
metabolism in the diabetic stated previously is in conformity with the 
quantitative experimental and clinical data available for testing it. 

One more point relating to fat metabolism remains to be discussed. 
There are two possible types of fat metabolism. The first is the direct 
oxidation of fat both initiated and completed in the peripheral tissues. 
Almost nothing is known about the chemical reactions or enzymes in- 
volved in this type except that it appears never to give rise to ketonemia. 
The second is the indirect type in which fat oxidation is initiated in the 
liver by the sole formation of ketones and completed in the periphery 
by the subsequent oxidation of these ketones. There are reasons for be- 
lieving that both of these types are operative at the same time. For ex- 
ample, we found with liver slices from diabetic cats a maximum ketone 
formation equivalent to 2.3 gm. of fat per kg./day. Practically all of this 
was utilized. But the total basal metabolism of the diabetic cat, accord- 
ing to Ring and Hampel” is equivalent to about 8 gm. of fat/kg./day. 
That is to say, only 30 per cent of the total fat metabolism could be 
accounted for by the mechanism of indirect fat oxidation. Recently 
Crandall, Ivy and Ehni** using London cannulae, came to the same 
conclusion in the case of normal fasting dogs. They could only account 
for about 50 per cent of the total fat metabolism by hepatic ketogenesis. 
A second reason for believing in the dual mechanism of fat oxidation 
is found in a consideration of the oxygen requirements of the liver. If 
all of fat metabolism went through preliminary ketone formation by 
the liver, the amounts of oxygen required would be very greatly in 
excess of the values which are actually found for the oxygen consump- 
tion of that organ. Thirdly, diabetic muscle, when equilibrated in vitro, 
shows a respiratory quotient of 0.7, indicating an ability on the part 
of the muscle to oxidize fats directly. 

The results of our experiments together with related evidence in the 
literature may be summed up as follows: : 

The diabetic who by reason of insulin lack is unable to utilize carbo- 
hydrates to the full measure of his metabolic needs, must fall back upon 
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fat for his energy requirements. Part of this need is met by the com- 
plete oxidation of fat in the muscles themselves. However, a consider- 
able fraction, estimated as 4% to % of the total caloric needs from fat, 
is obtained by a preliminary oxidation of fats in the liver to ketone 
bodies only. Neither acetic acid nor glucose are formed by this oxida- 
tion. These hepatic ketone bodies are freely utilized for energy by the 
periphery without insulin and without the necessity of simultaneous 
carbohydrate oxidation. This reserve mechanism, however, appears to 
be incapable of fine regulation so that when the demand for fat calories 
exceeds a certain level, approximately 2.5 gm. of fat/kg./day for the 
resting state, ketone bodies in excess of needs are formed by the liver. 
The excess is excreted in the urine. If this excessive fat catabolism con- 
tinues unchecked ketosis and coma follow. 





Speciric CHEMICAL ACTION OF INSULIN 


In the time remaining at my disposal I shall discuss some of the evi- 
dence in the literature together with experiments of our own which bear 
on the problem of the specific chemical action of insulin upon the pro- 
cesses of intermediary metabolism. Initially it is necessary to admit that 
the summation of this evidence is far from giving a satisfactory answer 
to this problem. Nevertheless certain conclusions although of a tenta- 
tive nature can be drawn. 

First, however, may be discussed what might be called the physical 
hypothesis of the action of insulin. This hypothesis holds that the chem- 
ical reactions within the cell by which carbohydrate is oxidized are in- 
dependent of insulin, but that ordinarily glucose cannot permeate into 
the cell unless insulin produces some surface change which permits it 
to do so. The evidence for this hypothesis is in the main of a negative 
nature, i.e., it rests upon the fact that only with the greatest difficulty 
or not at all is it possible to demonstrate in vitro effects of insulin and 
then only in the presence of cellular structure. 

The demonstration that insulin does produce changes in the meta- 
bolism in cell-free systems would rule out this hypothesis. We have ac- 
complished this demonstration in the case of cell-free extracts of pigeon 
or rat muscle equilibrated in vitro under suitable conditions. The pre- 
cise conditions for the constant reproducibility of this effect are not 
clear, but in two thirds of 80 experiments there was found a significant 
increase of total oxygen uptake and in about one half of 62 experiments 
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there was an increase of the respiratory quotient in the presence of added 
insulin indicating an augmentation of carbohydrate metabolism by the 
extract. One protocol of the positive results of the series is shown (Fig. 
16). On the left the figure shows the oxygen uptake of 2 cc. of aqueous 
rat muscle extract without and with insulin at 1 »/cc. In the presence 
of the insulin there was found a marked increase in oxygen uptake in 
80 minutes. On the right are shown the respiratory quotients of the 
samples. With insulin there is an appreciable increase. 

In this connection mention must also be made of experiments by 
Banga, Ochoa and Peters.?* They found with brain dispersion and with 
pyruvate as a substrate that insulin in vitro not only increased the oxy- 
gen consumption but also rendered more complete the oxidation of 
pyruvic acid. 
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On the basis of these experiments the exclusion of the physical hy- 
pothesis seems reasonable and studies of possible catalytic chemical me- 
chanisms of insulin action appear in order. In the main, discussion has 
centered about two possibilities: (1) Action upon glycogen synthesis 
in liver and muscles, and (2) action upon carbohydrate oxidation chiefly 
in muscles. 

Consider first the question of glycogen formation. Experiments with 
intact animals have told us little about the mechanism of insulin action 
in this reaction. Indeed, statements are made in the literature that, in 
the liver, glycogen synthesis is essentially independent of insulin. There 
are, for example the experiments of Einar Lundsgaard** who found, 
following perfusion with fructose enriched blood, just as great a depo- 
sition of glycogen in isolated livers from depancreatized cats as from 
normal cats. Experiments in vitro have, in the main, been equally unillu- 
minating. We have been unable, using liver slices from normal and dia- 
betic cats or normal young rabbits, to influence the glycogen formation 
by the addition of insulin to the medium. Such has been the experience 
of others, in particular, Ostern and Holmes** using normal rabbits. On 
the other hand, there are reasons for believing that insulin does have 
an effect upon hepatic glycogen formation. For example, Banting” 
found that depancreatized animals rapidly increase their liver glycogen 
concentrations following injection of insulin. We have found in depan- 
creatized cats intensively treated with insulin over the relatively short 
period of 2 to 4 hours increases of hepatic glycogen over initial values. 
In this connection must be mentioned the experiments of Taubenhaus, 
Levine and Soskin.** Using normal rats previously injected with insulin, 
they found that liver breis equilibrated with glucose showed less gly- 
cogen breakdown than did the controls. They concluded that insulin 
has a direct effect upon hepatic glycogenolysis. 

In muscle, glycogen formation appears to be partially independent 
of insulin action as indicated by experiments of the type presented by 
Long, Lukens and Fry*’ who found glycogen formation from glucose 
in depancreatized cats although at rate less than normal. But in contrast 
to the case of the liver, there is ample evidence that insulin markedly 
accelerates this reaction. It will suffice to mention the recent significant 
experiments of Gemmill.** He found: using diaphragms from normal 
rats in vitro, a significantly greater synthesis of glycogen from glucose 
upon addition of insulin to the medium. This observation has been con- 
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firmed by Hechter, Levine and Soskin*® and by Stadie and Zapp (un- 
published experiments). 

But by what chemical mechanism does insulin produce these effects 
upon glycogen formation in liver or muscle? Hypotheses, of course, 
must be formulated in terms of the current conception of glycogen for- 
mation from glucose. According to the work of Cori, Parnas and others 
two main steps are involved: (1) A preliminary phosphorylation of 
glucose to 6-hexose phosphate, and (2) a further transformation of 6- 
hexose phosphate through 1-hexose phosphate to glycogen. The first 
step of phosphorylation is strictly oxidative and requires the input of 
energy which must come from the oxidation of specific types of sub- 
strates. The efficiency of phosphorylation, i.e., the amount of hexose 
phosphate and hence potential glycogen formed per mole of substrate 
oxidized, is known to vary. The recent experiments of Colowick, Kal- 
ckar and Cori* illustrate this. For example, at top efficiency, according 
to a calculation of Lipmann,** only one mole of glucose need be sacri- 
ficed to bring about the formation of 12 to 24 glycogen equivalents. 
Since phosphorylation of hexose appears to be brought about by the 
oxidation of carbohydrate intermediates only, it is possible to propose 
the hypothesis that insulin, by catalyzing such oxidations, would in- 
crease the efficiency of phosphorylation and hence glycogen formation. 
Such a unitary hypothesis would explain by one common chemical 
mechanism how insulin promotes carbohydrate oxidation and also regu- 
lates glycogen formation. At present there is not direct evidence for it. 

The second general step in glycogen formation, i.e., the transforma- 
tion of 6-hexose phosphate through 1-hexose phosphate to glycogen is 
non-oxidative and as Cori, Colowick and Cori** have shown is not in- 
fluenced by insulin at least when studied in purified enzyme solutions. 
The effect of insulin in inhibiting formation of 6-hexose phosphate from 
glycogen reported by Gill and Lehmann* is attributed by them to a 
nonspecific protein reaction with magnesium, a necessary component of 
the system. Nevertheless, the suggestion has been made by Taubenhaus, 
Levine and Soskin”® that it is the reversible non-oxidative reaction: 


1-hexose phosphate — 6-hexose phosphate 


which is influenced by insulin. They propose this hypothesis on the basis 
of the experiments already quoted in which liver breis from insulin in- 
jected normal dogs equilibrated aerobically with added glucose and in- 
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sulin show diminished formation of free glucose from glycogen. 

Apparently these two hypotheses of the chemical action of insulin 
in glycogen formation or breakdown, namely, on the oxidative phos- 
phorylation of hexose, or on the non-oxidative transformation of hexose 
phosphate are the only ones seriously considered. At present no decision 
can be made between them. 


Action or INsuLin Upon OxipaTIVE PROCEsSEsS 


The problem of the specific chemical action of insulin upon oxida- 
tive processes is likewise obscure. I have discussed reasons for believing 
that insulin plays no direct role in the oxidation of fats. There is little 
evidence that it affects directly the metabolism of protein although this 
view has been advocated notably by Bach and Holmes** who concluded 
from experiments in vitro with rat liver slices that insulin inhibits the 
deamination of amino acids in the liver and thereby decreases glyconeo- 
genesis from protein. Our own experiments (Stadie, Lukens and Zapp’) 
offer a much different interpretation of this observation. Mirsky* 
offers a still different effect of insulin upon protein metabolism, namely, 
that insulin promotes the synthesis of protein in muscle from amino 
acids. But if the possible conversion of fat to carbohydrate is ruled out. 
which appears to be the case, it is difficult if not impossible to integrate 
the large amount of experimental data on the effect of insulin in the 
intact normal or diabetic animal except by assuming that insulin has 
catalytic effects upon the oxidation of carbohydrate. 

As representative of the type of experiment which indicates that 
insulin increases the oxidation by muscle of carbohydrate may be men- 
tioned the work of Cori and Cori.** They found in a series of intact rats 
that insulin doubled the rate of carbohydrate oxidation as compared to 
controls. These experiments require the calculation of metabolic data 
from respiratory metabolism. For this reason they have been criticized 
(Soskin*’) but more direct evidence is available. For example, Shorr* 
showed that the isolated muscle from diabetic dogs had a respiratory 
quotient of 0.7, that of fat, which did not increase upon the addition of 
glucose or lactic acid, in contrast to the behavior of isolated muscle 
from normal dogs. Cruickshank*® showed that the heart from diabetic 
dogs perfused with glucose containing blood increased its respiratory 
quotient from 0.7 upward only upon the addition of insulin to the per- 
fusion fluid. Recently we have shown (Stadie, Zapp and Lukens, un- 
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Fic. 17—Krebs’ Citric Acid Oxidative Cycle: 


¥, Glucose (triose)+ Fumaric acid + 2 O,=— Citric acid + CO, 4+ H,O 
Citric acid 4+ 4% O,=— Alpha ketoglutaric acid + CO, + H,O 

Alpha ee acid + 14 O,= Succinice acid + CO, + H,O 

Succinice acid + 4 O, == Fumaric acid 

Sunmetinne yy, Gunnin +3 0.3 CO,+3 H,O 


DP 


published experiments), using depancreatized cats, that muscle strips 
taken initially have low respiratory quotients when studied in vitro. 
Upon subsequent intensive treatment of the cat with insulin over a 
period of 2 to 4 hours, the isolated muscle increased its respiratory 
quotient toward 1 indicating a restoration of carbohydrate metabolism. 

In spite of this apparent wealth of general evidence, information con- 
cerning the specific chemical mechanisms of the catalysis of carbo- 
hydrate oxidation by insulin is meager indeed. This is hardly surprising 
in view of the fact that knowledge of the oxidative processes of carbo- 
hydrate metabolism is at present incomplete and confusing. In general, 
carbohydrate metabolism in muscle involves (1) a glycolytic cycle lead- 
ing to the formation from glycogen of lactic acid through pyruvic acid, 
and (2) an oxidative cycle leading to the oxidation to COz and water 
of the intermediates or end products of the glycolytic cycle. 

With respect to the glycolytic cycle the present evidence indicates 
that it is independent of insulin. On the other hand, with respect to the 
oxidative cycle there is one which has been proposed by Krebs and 
Eggleston*® in which insulin is supposed to play a role. Briefly the 
scheme is as follows (Fig. 17). 

The C, dicarboxylic acids, succinic, fumaric, malic, and oxaloacetic, 
are present in all tissues and play an important role in intermediary 
metabolism. According to Krebs, fumaric acid condenses upon oxidation 
with glucose with the formation of citric acid. Upon further oxidation 
of the citric acid, alpha ketoglutaric, succinic, and finally fumaric acids 
are formed thus completing the cycle. Each step is accompanied by 
oxygen uptake and in the first three there is CO: elimination. The final 
result is the oxidation of glucose to COz and water. Krebs first showed 
with pigeon muscle in vitro that insulin increased the oxygen uptake 
in the presence of citric acid or the intermediate C, acids. In general, 
this observation has been abundantly confirmed by Shorr and Barker,** 
by Stare and Baumann* and by Stadie, Zapp and Lukens.? This increase 
of Oz uptake has been interpreted by Krebs to mean that insulin, either 
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Fic. 18 


by itself or in association with the enzymes of the muscle has catalyzed 
some step in the cycle. 

This discovery of Krebs was indeed significant and aroused hopes 
that a biological system had been found which would permit the chemi- 
cal dissection of the insulin effect upon carbohydrate intermediary meta- 
bolism. But with further experiment its meaning has become obscure. 
The citric acid cycle itself has not escaped criticism (see, for example, 
Stare, Lipton and Goldinger.**) Further, the effect appears confined to 
pigeon muscle for Shorr and Barker*! were unable to find it using 
muscle from chickens, cats, dogs, or rabbits. Stadie, Zapp and Lukens” 
found the effect independent of the presence of added citrate and they 
did not find an enhanced effect in the case of depancreatized pigeons. 
With muscle mince from depancreatized cats they could find no effect 
whatever. 

But whatever its significance the insulin effect with pigeon muscle 
mince is unquestionably real and we have experimented further with it 
(unpublished experiments). 

In the presence of sodium malonate the reactions of the Krebs cycle 
are blocked at the succinic acid stage and the individual reactions of the 
cycle should be more or less isolated. We have been unable by in vitro 
experiments with pigeon muscle mince to show that any of the indi- 
vidual reactions so isolated are influenced by the presence of insulin in 
the medium. One illustrative protocol will suffice. The figure (Fig. 18) 
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Fic. 19—Ketone Formation by Liver Slices from Houssay Cat 
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shows the total oxygen uptake and the COz output in relation to the 
amount of fumarate added to the medium containing muscle mince. 
Included in the diagram are observations without and with insulin. 
There is no difference between the two sets of data. In other words, 
if, as Krebs states, insulin is a catalyst in any of the intermediate steps 
of the citric acid cycle the method of isolation of these steps which we 


have used has failed to localize the insulin action. 


Brief mention might be made at this point of another hypothesis 
which, since its theoretical development by Van Noorden, Falta, and 
others of the Viennese School, has assumed various guises in the litera- 
ture. It might loosely be described under the term “hormonal antagon- 
ism” or “hormonal balance.” The recent classical work of Houssay has 
re-emphasized it. According to this certain hormones act antagonisti- 
cally or in a balancing fashion toward each other in respect to the action 
of each upon the metabolism of the cell. For example, in a depancrea- 
tized animal the resultant pituitary excess is perhaps as significant as the 
lack of insulin. Removal of this excess by hypophysectomy restores the 





Cat Blood Liver 
Weight sugar glycogen 
mg. , 
per 
kg. per eons 
cent 
3.4 60 0 04 
2.1 0.02 


metabolism toward a normal state as in the Houssay animal. 


It would be useless in our present state of knowledge to attempt 
to frame this hypothesis in terms of specific chemical mechanisms. Shorr 
and his colleagues* in the light of their experiments have framed it in 
general terms. They found that the metabolism in vitro of cardiac 
muscle from depancreatized dogs was initially of the diabetic type but 
upon equilibration for several hours became normal in its ability to 
oxidize carbohydrate. They suppose a primitive cellular metabolism 
upon which is superimposed hormonal effects. Because of lack of insulin 
the cardiac muscle shows an unbalanced type of metabolism which is 
called diabetic. Within a few hours in vitro, however, unbalancing fac- 
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tors are removed or destroyed and the metabolism becomes that of the 
primitive state which in many respects resembles normal. 

In this connection experiments from our own laboratory might be 
cited. We found (Fig. 19) that liver slices from depancreatized-hypo- 
physectomized cats when equilibrated in vitro, in contrast to livers from 
depancreatized cats, produced almost no ketones. In fact, the ketone 
formation was even less than that formed by liver slices from fasted nor- 
mal cats. The table shows a mean ketone formation of about 90 »M/kg. 
body weight/hour which is about % of the value for normal fasted cats 
and about 8 per cent of the mean value in a series of depancreatized 
cats. In other respects the hepatic metabolism appeared normal and could 
be said to be restored to a primitive condition. But the removal of the 
anterior pituitary has eliminated a factor which enabled the liver to 
oxidize fats to ketone bodies. Whether this factor is a specific fat oxi- 
dation enzyme originating in the pituitary is entirely a matter of con- 
jecture. But the metabolism in this primitive state is less efficient be- 
cause the ability of the liver to supply a considerable fraction of the 
total metabolic needs from fat by preliminary partial oxidation to ke- 
tones has been lost and the muscles must fall back almost entirely upon 
the mechanism of direct oxidation to supply their fat calories. A re- 
flection of this inefficiency is perhaps found in the experiments of Lee 
and Ayres*® who found that hypophysectomized rats as contrasted to 
normals were relatively limited in their ability to mobilize and use stored 
body fat and consequently were forced to draw upon body protein to 
supply energy demands. 

The search for the locus of the chemical action of insulin still con- 
tinues in the laboratories of those devoted to the subject. But one is 
forced to admit that a survey of twenty years of literature since the 
discovery of insulin does not reveal conclusive results. The chemical 
mechanism of insulin action eludes definition and at present there is no 
unequivocal evidence which enables us to name with certainty any re- 
action which it mediates, accelerates or inhibits. My feeling is that in- 
sulin is a hormonal catalyst, that its action is chemical upon the oxidative 
processes of the intermediary metabolism of carbohydrates’ and that 
eventually its many physiological actions will be explained upon the 
basis of a single general type of chemical reaction. At all events, the 
problem of the chemical action of insulin is one of the most interesting 
unsolved problems in the field of diabetes mellitus. 
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